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INTRODUCTION. 
General.—Spanish adventurers, coming in the sixteenth cen- 


tury from the mountains of Peru and Bolivia in the search for 
fe) 


1 Communication from the laboratory of Economic Geology of Massachu- 
setts Institute of Technology, Cambridge, Mass. 
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gold, were disappointed in the region of Atacama; but, upon 
finding gold in the rich veins of Malga-Malga at Quillota, of 
Madre de Dios at Valdivia and of Culacoya near Concepcion 
(1., pp. 21-26),” they settled in the fertile country of the south. 
Many years elapsed before careful prospectors, combing the 
northern barren deseris, were successful, but early in the nine- 
teenth century the precious metals were discovered. Gold was 
found at Guanaco, at Cerro Blanco and in many other localities; 
silver was encountered at Huantajaya, Caracoles, Ladrillos, 
Tres Puntas, Arqueros and at Chajiarcillo. The silver veins of 
these celebrated districts proved exceedingly rich in bonanza, 
and during their maximum exploitation, from about 1860 to 
1880, Chile enjoyed a period of mining prosperity long to be 
remembered. 

Of these districts that of Chafarcillo, situated 50 kilometers 
south of Copiapo at a position approximately of latitude S. 27° 
49’ and of longitude W. 70° 20’, was richest and perhaps best 
known. After the discovery of its Veta Descubridora, during 
the period of the gold finds in California, the great richness of 
the superficial portions of the veins caused rapid development. 
Over one hundred claims varying in size from 1,000 to about 
50,000 square meters, were staked and the town of Juan Godoy 
attained a population of ten thousand or more. Mining was im- 
proved by the driving of vertical shafts through which ore was 
hoisted in leathern buckets by horse whims, the familiar mala- 
cates. Hand methods of mining and drilling were used, and the 
ore was shipped without concentration; but the continuance of 
bonanza at depths of 300 to 400 meters assured the miner of 
rich returns. With deeper exploration, however, results were 
disappointing. Lower grade ore was found at depths of 500 to 
600 meters in the southern part of the district; but the methods 
of mining in use were not adapted to the extraction of such ore. 
Furthermore in lateral exploration in the southern mines faults 
carrying heavy flows of water were encountered. After inef- 
fectual attempts at control by the introduction of pumping ma- 
chinery, work ceased about 1885 and the deep connected mines 


2Numbers refer to the publications listed in the bibliography. 
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of the district were flooded. A few tentative efforts have since 
been made to resume mining. Some ten years ago, the pumping 
equipment at the Constancia Mine again proved inadequate for 
the lowering of the water and more recent projects have been 
unsuccessful through a want of mining intelligence on the part of 
their operators. Several mines beyond the flooded area are now 
being worked and one find of high grade ore in the Bolaco Viejo 
Mine has of late attracted some attention in Chile; but at present 
the district on the whole is in a state of decay. 

Production—The present production as might be expected 
under these conditions is almost nothing. In 1903 from 160 
metric tons of fairly high grade ore were produced about 800,000 
grams of silver (II., p. 109). The years during the decadence of 
the district after 1885 have probably witnessed little greater pro- 
duction than that of 1903. In 1885 one mine, the Manto de 
Ossa, produced silver valued at 1,000,000 pesos of 18 pence. In 
1880 the Constancia Mine gave like returns. From 1869 to 
1875, during the best days of Chafiarcillo, 178,625 kilograms of 
fine silver was sold from the district, and the opinion is held by 
Chilean authorities that this amount was substantially greater 
due to “high grading” (III., pp. 426-427). At this period, 
therefore, Chafarcillo was mining more than one fifth of the 
silver production of Chile. The total production of the district 
is difficult of estimation; but some figures are available on the 
total production of certain mines. The Descubridora Mine pro- 
duced the value of 40,000,000 pesos of 18 pence; the Manto de 
Peralta, 15,000,000; the Candelaria about 15,000,000 and the 
mines of the Corrida vein between 180,000,000 and 200,000,000 
of pesos (III., p. 426). The total value of silver recovered from 
the mines of the district is thus about $100,000,000 gold. This 
sum at the price of silver for 1874, 112 pesos per kilogram (IL., 
p. 24), would represent about 2,300,000 kilograms of fine silver. 
The fact that from 1860 to 1885 Chile produced a little less than 
3,000,000 kilograms of fine silver and that her total production 
of silver for 210 years to 1902 was 7,988,186 kilograms (II., pp. 
22-23), makes vivid the preéminent part played by Chajiarcillo 
in Chilean silver mining. 
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Scope of Investigation—Upon a collection of the ores of 
Chafiarcillo in the laboratories of the Massachusetts Institute of 
Technology the present investigation was begun. The min- 
eralogy was carefully studied in polished and thin section and 
conclusions regarding the origin of the ores were postulated. 
The opportunity, however, was presented during the summer of 
1917 to visit the district and at this time the earlier work was 
enlarged in scope and the field work was performed. The mines 
accessible were entered, the geology of the district and the sur- 
rounding region was studied and tentatively correlated with the 
results of other work done farther north and valuable maps and 
sections were copied. 

During the progress of the investigation criticism, informa- 
tion and assistance were obtained from many sources. It is, in- 
deed, a pleasure to acknowledge the kindly advice and super- 
vision of Dr. Waldemar Lindgren and Dr. C. H. Warren of the 
Massachusetts Institute of Technology, and the invaluable in- 
formation received from Sefiores Jerman Brain and Nicomedes 
Echegaray of Chafiarcillo. Especial indebtedness is also felt for 
the many kind personal favors of Mr. Josias Rogers, of Copiapo, 
and for the able assistance in the field of Mr. L. C. Baena. The 
excellent publications upon the district by Sefior Echegaray (IV., 
V.) and by Dr. Fr. A. Moesta (VI.) have proved at all times 
helpful. 

THE REGION OF NORTH CHILE. 

The important silver districts of Chile are distributed for 
1,000 kilometers along the narrow coastal strip of the country. 
Huantajaya, 10 kilometers east of Iquique, and Caracoles, 150 
kilometers northeast of Antofagasta, lie respectively about 800 
and 450 kilometers north of Copiapo and are representative, 
with such minor deposits as Challacollo, of a northern silver belt. 
South of Caracoles is encountered a stretch of about 400 kilo- 
meters barren of rich silver veins. At Tres Puntas, 65 kilo- 
meters north of Copiapo, however, a southern silver belt begins, 
and continues through Ladrillos, 10 kilometers east of Copiapo, 
and Chajiarcillo, to Arqueros and Condoriaco near Coquimbo and 
some 200 kilometers to the south. This region of north Chile, 
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included between Coquimbo and Iquique, is that of primary im- 
portance in connéction with the silver mining of the country. 

Climate.—The climate of the region varies little from north 
to south. From Iquique to a line between Chafiaral and Taltal 
extends the barren desert of Atacama with its deposits of salt 
and nitrate. Precipitation here is slight, occurring in gentle 
showers, more often in deposition of dew from the fogs near the 
coast, but in heavy rainfall only once in six to ten years. Vege- 
tation is absent and the surface is clothed in a mantle of sand and 
rock debris. South of this area and north of Copiapo lies a zone 
characterized by a climate much like that of the north but with 
a slightly greater rainfall. Vegetation though sparse is found in 
many of the quebradas or dry valleys. The valley of the Rio 
Copiapo is green and fertile due in great part to efficient irriga- 
tion; but to the south of the river the evidences of increasing 
precipitation abound. The steep valleys are dotted with shrub§, 
bushes and a few trees, while a sparse growth of shrubs and 
coarse grass is to be observed often upon the hillsides. Flowing 
streams other than the branches of the Copiapo in the mountains 
and that river itself are, however, absent, until, proceeding south, 
the Rio Huasco is reached and the rainfall towards Coquimbo 
becomes progressively greater. The region on the whole, how- 
ever, is today essentially arid. 

Topography.—Due perhaps in great part to these climatic 
variations, topographically the region is divisible into three units. 
In the north the Coast Range rising precipitately from the sea 
to an altitude of 1,200 to 2,000 meters extends inland some 40 
kilometers in a series of rough ranges. At the eastern flank of 
these mountains and a few hundred meters below the peaks, lies 
at an elevation of 1,000 to 1,200 meters, the Interior or Central 
Valley. The valley, flat and rolling, descends to an enclosed 
’ center of drainage and then to the east, through low hills east of 
Antofagasta and precipitously in the Iquique district, rises to 
the volcanoes of the Cordillera which attain a height of 6,000 
meters. Beyond a plateau east of these ranges, extends the chain 
of the high Andes from 5,000 to 6,750 meters in altitude. 

In the second topographic province extending from just south 
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of Taltal to the Rio Copiapd, from the persistent range at the 
coast the slopes descend to a poorly defined continuation of the 
Interior Valley and then rise to broken ranges which mark the 
eastern boundary of Chile. These mountains drain, not into an 
enclosed basin as in the north, but by deep, well developed que- 
bradas or dry rivers into the sea. 

In the third province the valley of the Rio Copiapo near the 
sea cuts through the continued Coast Range and turns abruptly 
through a right angle for a few kilometers into the prolongation, 
ill-defined, of the Central Valley. On the east of this north- 
south course of the river sharp ranges dissected by flowing 
streams rise abruptly to the Cordillera. About 50 kilometers 
south of the city of Copiapo, the river swings to the east, branch- 
ing into the mountains, and the Central Valley, relieved by a 
few low ranges of which Montana Chajfiarcillo is one, lies be- 
tween high cuestas sloping gradually east and west. In this 
province the valleys, both dry and containing streams, are often 
steep walled cafions, the streams are swift and filled with rapids, 
and the relief is great. 

Rock Formations —The surface in this southern topographic 
province, though deeply dissected, does not, however, intersect 
the lowest rocks exposed in the region. The geologic column is 
shown in the following table. 

The earliest horizon, the Pefion formation, outcrops first to 
the north in the Taltal area and is considered tentatively to be of 
Lower Jurassic age as is also the Aeroplano formation. 

These formations representing enormous volcanic activity at- 
tain in the Province of Antofagasta a thickness of more than 
1,000 meters. 

GeoLocic CoLuMN. 
Recent.—Desert deposits, alluvium of greater valleys in Copiapo. 
Tertiary —Water worn bench gravels. 
Post Cretaceous—Copiapé intrusive rocks. Granites, granodiorites and dio- 
rites. 
Cretaceous.—Ticrra Amarilla Formations. Sandstones, conglomerates and 
shales (with gypsum). Interbedded lavas. 


Chafarcillo Formation. Limestones with interstratified tuffs and lavas. 
Upper Jurassic—Chaiaral Formation. Volcanic rocks. 
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Middle Jurassic—Loreto Formation. Limestones, interbedded volcanic rocks. 
Gryphaca cf. arcuata and Parkinsonia parkinsoni (?) at Pampa Loreto. 

Lower Jurassic—Acroplano Formation. Volcanic rocks of andesitic and ba- 
saltic composition, sediments. 

Penton Formation. Tufts, breccias and flows of rhyolitic and andesitic com- 

position. A few beds of metamorphosed limestone. 

The Loreto formation is correlated with the Dogger beds of 
Copiapo and is probably of Middle Jurassic age. In the north, 
this unit is of less thickness than in the Cordillera near Copiapd; 
but it is distinctly developed throughout the region. In Iquique 
it outcrops at Huantajaya and in the eastern Coast Range. 
Farther south it continues on the eastern slope of this range and 
from Caracoles and Calama follows in a similar manner the west 
flank of the Cordillera. From Taltal to Chafiaral it probably 
underlies much of the Central Valley. 

At Chulo, east of Copiapo, the Chafiarcillo formation begins, 
passes through Chaifiarcillo, and extends to the south. This for- 
mation and the Loreto limestone, outcropping in the silver dis- 
tricts from Iquique to Coquimbo, seem to have been exceptionally 
favorable loci for the deposition of rich silver veins. 

The Tierra Amarilla formation is in unknown relation to the 
Chafiarcillo regarding conformity. 

The Copiapo intrusives, in the form of stocks and batholiths, 
occur in the Cordillera and in the Coast Range near Copiapo and 
to the north. Smaller bodies cut the volcanics and limestones of 
the north and south Central Valley. These intrusive rocks have 
not been differentiated but are believed to be of essentially the 
same age. 

Structure.—Subsequent to the post-Cretaceous intrusions the 
region was affected by great compressive forces. The beds of 
the Jura-Cretaceous series in the Coast Range were tightly 
folded; in the Central Valley and in the foothills of the Cor- 
dillera they were more gently flexed; and in the Cordillera they 
were plicated in steep folds and the granites and granodiorites 
were strongly jointed. At this time, though, later slight modi- 
fications have no doubt taken place, the main structural features 
of the region were developed. 
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At Iquique the folds are complex near the coast; but the dips 
appear generally to the west at the sea. The eastern part of the 
Coast Range here is made up of folded limestones and the 
Pefion volcanics below. The structure of this range, therefore, 
would seem to indicate that the range lies upon a fluted homo- 
cline with north-south trend and western dip. The section* east 
of Antofagasta has been studied in somewhat greater detail than 
that of the Iquique Coast Range. At Antofagasta the dips of 
Cretaceous rocks are steep into the sea. Some 40 kilometers to 
the east, the folds of the Coast Range have died out and the 
strata are nearly horizontal. East of the Central Valley the 
gently folded rocks of the Pefion formation dip westerly, until, 
upon entering the Cordillera, steeply folded limestones and Cre- 
taceous beds and strongly jointed intrusive rocks are encoun- 
tered. The structure of this section is most clearly that of an 
anticlinal or great arch fluted with minor folds. In Taltal the 
Antofagasta anticlinal seems somewhat more poorly developed; 
but it is perhaps probable that this structure, though flat, extends 
through Chajiaral into the Department of Copiapo. The Central 
Valley south of the Rio Copiapo is situated along the axis of an 
anticline. This fold, narrow and steep at Chulo, broadens and 
flattens to the south. At Chaiiarcillo, it is about 30 to 50 kilo- 
meters in width. To the west the structure is obscure due to in- 
trusive rocks; to the east in the Cordillera steep folds which 
expose the whole Jura-Cretaceous section probably obliterates 
the eastern dips of the arch to the north. 

After the relief of the east-west compressive forces causing 
this folding, the great arches of the anticlines and anticlinals 
were unsupported. In many places they yielded, subsided and 
broke into a mass of blocks bounded by normal faults. Certain 
reverse faults of lesser importance are not to be assigned to this 
’ cause; but rather to the diastrophic forces. A greater number of 
the minor faults and all of the known faults of large displace- 
ment are, however, normal. In Antofagasta and Iquique great 
north-south faults bound the Central Valley which is a graben. 


4 Observations on the geology of the northern region were made by the 
author during the examination of nitrate deposits. 
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Faults occur also at angles near 45° to the strike of folds. In 
Copiapo faulting is marked, as in the Chajfiarcillo district, and 
the faults of the Central Valley no doubt are to be found. The 
age of this period of faulting is obscure; but is believed to be 
distinctly earlier than the recent formation of the great fault, 
the scarp of which determines the high cliffs on the coast from 
Arica to Coquimbo. 

Mineralization occurred during the period of faulting. Solu- 
tions, no doubt derived from deep-lying igneous rocks, obtained 
access through fractures to the rocks now exposed at the surface. 
Veins were formed in the fissures; gold and copper being often 
deposited in volcanic rocks and silver in limestone. Alteration 
of rock took place near these fissures and in porous volcanic 
rocks, as tuffs and breccias wide areas were strongly altered by 
the process of silicification. Though some mineralization doubt- 
less took place by contact metamorphism during the intrusion of 
the igneous rocks, the important ore deposits as well as the eco- 
nomically worthless evidences of ore forming activity are due to 
this metallogenetic period. 

Physiograply.—The history of the region subsequent to the 
time of ore formation and faulting has been on the whole free 
from cataclysmic geologic processes: Volcanoes have poured 
out their lavas in the range of the Andes; uplift has probably 
taken place; the great coastal fault has been formed; and earth- 
quakes even yet give frequent evidence of the present slight move- 
ment upon fault planes, particularly upon that of the coast; but 
the region has been subject mainly to the process of erosion. At 
this time, therefore, after that faulting which persisted later than 
the deposition of veins, the physiographic history of the region 
begins. 

The chronology of erosion, however, can not be given in pre- 
cise detail. Unfortunately time was not available for the widely 
conducted exploration necessary for exact physiographic re- 
search. In consequence the earlier history of erosion is some- 
what obscure and the dates of the various events must remain 
at present indefinite. 

In the arid northern part of the region evidence is to be found 
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of a former cycle, probably wet. The concordance of summit 
levels in the foothills of the Cordillera and in the Cordillera itself, 
benches observed high on the flanks of the Andes range and well- 
rounded, water-worn boulders of numerous gravel deposits of 
the high benches of Taltal, offer indication of an early topography 
probably developed by normal processes of erosion. This topog- 
raphy, perhaps that of a peneplain, it would seem, must have 
been developed during Tertiary time. 

Uplift having warped the inferred peneplain to an elevation 
to the east of from 4,000 meters in the Andes and Cordillera to 
2,500 meters in the foothills, a dry climate, possibly during late 
Tertiary or early Pleistocene time, was imposed upon the region. 
During the conseauent arid erosion, the land throughout the 
region was dissected to an early mature stage. Though con- 
structive building up by the volcanoes of the Andes took place, 
erosion, principally by the agents of the intermitten streams, was 
perdominant. Basins consequent upon the faulted graben of the 
Central Valley were formed. Subsequent quebradas or dry 
rivers became well adjusted to the geology of the region and are 
found following the axes of anticlines, the faults, and the soft 
beds. The lower land was reduced to a rolling plane upon which 
rounded hills often were due to hard strata and intermediate 
valleys and enclosed basins were filled with debris. The higher 
land of the Cordillera has been dissected to a more accentuated 
relief, but one nevertheless distinctly mature. Everywhere great 
fans of polished, subangular fragments were spread out from 
the hills and mountains into the valleys. 

On the north, from Iquique to Taltal the desert cycle still per- 
sists. Its peculiar topography is but slightly modified by a few 
recent faults cutting alluvial fans and by the great coastal fault 
intersecting it at the sea. From Taltal to the Rio Copiapo, how- 
‘ever, dry channels intersect the arid topography and in the south 
of the region it is preserved only on the upper slopes of the 
mountains. 

Here, south of the Rio Copiapd, steep cafions tributary to 
broad alluvium-filled valleys cut these remnants of the older 
desert stage. Relief is great and stream capture of west drain- 
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ing valleys took place by the branches of the Rio Copiapd. The 
greater valleys, to some extent adjusted, have attained an early 
maturity and have been aggraded perhaps by a slight depression. 
The tributaries are typically young. 

In the region, therefore, the physiographic history has prob- 
ably included an early stage of normal wet erosion which pro- 
ceeded nearly to peneplanation. Arid erosion, succeeding this 
stage, had reached the beginning of maturity throughout the 
region when in the south elevation and the imposition of a wetter 
climate caused the arid topography to be dissected to renewed 
youth. At present in the north the desert cycle persists; in the 
south slight depression has partly filled the main valleys. 


THE CHANARCILLO DISTRICT. 
INTRODUCTORY STATEMENT. 

The Chafarcillo district includes some 8,000 square kilometers 
of the southern part of the region of North Chile. This quad- 
rangle, the Copiapo area, extending from about 30 kilometers 
south of Chajiarcillo to a few kilometers north of Copiapo and 
from Chafnarcillo 40 kilometers east and west, covers that sec- 
tion of the region of primary importance in connection with the 
broader geologic relations of the Chafiarcillo veins. In it, as 
far as is known, are exposed at the surface, rocks only of the 
Chafiarcillo and Tierra Amarilla formations and of the post- 
Cretaceous intrusions. These last occur in great bodies com- 
posing an undifferentiated igneous complex which invades the 
western Copiapo area. 

In the eastern part of the area and certain central portions of 
indefinite extent, west of Tierra Amarilla and Juan Godoy are 
exposed the Tierra Amarilla sandstones cut by a few intrusive 
bodies. From Chulo, Juan Godoy and to the south, outcrop the 
Chafiarcillo limestones. Another small area of these beds is to 
be found at a point represented in the southeast corner of the 
map of Plate VII. The Copiapo intrusions also intersect the 
limestones in masses of relatively small size.® 


5 The geologic data of the area are obtained from personal observations by 
the writer and from the sections by Lorenzo Sundt, “Estudios Jeolojicos i 
Topograficos del Desierto i Puna de Atacama,” vol. 1, Santiago de Chile, 1900. 
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The intersection of the sedimentary beds with the surface is 
in accord with definite structural causes. The axis of a syncline 
in the Tierra Amarilla beds passes through Cerro Blanco and 
onward to the northeast. The area of the Chafiarcillo limestone 
last described is upon the eastern limb of this syncline. From 
Chulo southeastward extends the axis of an anticline. At Chulo 
the limestone outcrops in almost vertical beds on this fold. At 
Tierra Amarilla the dips are flatter; the limestone and its cover 
of the beautifully exposed Tierra Amarilla sandstone lie at an in- 
cilnation of some 30°. To the south of Pabellon the anticline is 
invaded by plutonic rocks and the structure is obscure; but about 
Chanarcillo it distinctly broadens and the dips upon its limbs are 
perhaps 20°. The fold thus, in spite of its narrowing to the 
north, probably pitches to the southward throughout its length. 


STRATIGRAPHIC GEOLOGY. 


The Chaiiarcillo district, a rectangular area of about 2.5 kilo- 
meters north-south elongation and of 1.6 kilometers width upon 
the hills above the town of Juan Godoy, is intersected by ihe axis 
of this anticline. The beds thus have gentle dips and in the sec- 
tion of some 800 meters to be observed at the surface and in the 


mines, are all of the Chafiarcillo formations. 
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The formation is made up of alternating beds of pure or im- 
pure limestone and of volcanic rocks. The limestones vary some- 
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what in appearance; but they are usually well bedded in strata a 
few centimeters to half a meter in thickness and weather to a 
buff or light brown color at the surface forming a striking con- 
trast to the volcanic rocks. The latter at the surface are medium 
grained with a distinctly tuffaceous texture. Their color is 
green to black, and the cliffs composed of them are dark and 
irregularly rough. In the mines certain of the lower horizons of 
volcanic beds are fine grained and of a gray color difficult of dis- 
tinction from the limestone.® 

The uppermost of these members is called the Descubridora 
limestone. This member, subdivided by the miners into many 
“mantos,” is a distinct unit. At the top of brecciated texture, it 
grades below into chalky limestone and farther becomes dark col- 
ored and carbonaceous. At the bottom of its 190 meters of 
thickness it is a pure gray limestone. 

The tops of the higher peaks of the district are composed of 
this limestone. It persists upon the slopes of the hills downward 
to an elevation of 1,000 to 1,030 meters to the northeast, and of 
about 950 meters to the southwest. Its well bedded strata of 
some 50 centimeters thickness, its buff, white or gray color, and 
its rounded outcrops lend a characteristic appearance to the sum- 
mits of the mountain of Chafiarcillo. 

Microscopically the typical Descubridora limestone is seen to 
be composed predominantly of fine crystals of pure calcite with a 
few coarse ones and occasional narrow veinlets of calcite. Inter- 
stitially to the calcite, grains of quartz with ragged outline are 
of usual occurrence. They contain empty inclusions and a few 
shreds of calcite. More rarely laths of altered feldspar are to be 
observed. The rock is distinctly a pure, fine-grained limestone 
which has been subjected to no, or very slight, alteration. 

Below the Descubridora limestone lies a tuff, known as the 
“Panizo Verde” by the miners, and for this reason called the 
Verde tuff. It outcrops on the lower slopes of the mountain and 
determines the dark, rugged cliffs of the lower slopes. It is 

6 The excellent descriptive sections of Dr. Fr. A. Moesta and Sefior N. 


Echegaray have been of great value as a basis for the subdivision of the 
formation. 
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coarse-grained, of distinctly tuffaceous appearance and is dark 
green in color. The thickness is variable, ranging from 30 to a 
rare 140 meters; but averages perhaps 50 meters. This rock with 
the Descubridora limestone underlies the greater part of the 
surface of the district. 

The Verde tuff, under the microscope, is found to be composed 
of rounded and subangular grains of altered volcanic rock whose 
component minerals are indistinguishable. A few grains have a 
coarse texture and in these plagioclase feldspar, probably albite, 
in many laths is strongly altered to chloritic material and a fer- 
romagnesian mineral is replaced by actinolite. Indeed the 
rounded fragments are almost completely altered and are cemented 
by calcite and actinolite. It is believed its origina] composition 
was andesitic. 

The Negro limestone, ‘ Panizo Negro y Cenizo”’ of the Chil- 
eans, is found below the Verde tuff. This bed, composed of 
black shaly appearing limestone, with intercalated strata of chalk 
and of fine breccia, varies in thickness from 25 to 65 meters. It 
outcrops in the southeastern and southwestern corners of the dis- 
trict only; but is found in all of the mines. 

The chalky strata of this rock are composed of pure CaCOQ,. 
Under the microscope the black beds characteristic of the mem- 
ber are resolved into a fine-grained mass of interlocking feldspar 
and calcite crystals with a few small disseminated areas of pyrite. 
The feldspar, apparently originally albite, is seemingly replaced 
in part by calcite. Actinolite of a nearly colorless variety is a 
common constituent. The breccia is of fine texture similar to 
that of the Verde tuff. Alteration of the feldspar of the vol- 
canic fragments to calcite and actinolite has no doubt taken place. 
This rock, while typically an impure limestone, is thus not shaly 
but tuffaceous. 

The Negro limestone is underlain by a thick bed of a fine 
textured, gray-green rock, the Panizo Ahuesado. This mem- 
ber is recognized in nearly all of the mines and varies in thick- 
ness from 120 to 165 meters. At a distance of some 40 to 50 
meters below its top it is interrupted by the thin stratum of the 
Bocano limestone. It is of such fine-grained texture, and of 
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such obscure color that except for its tough break its recognition 
underground would be of extreme difficulty. Under the micro- 
scope the Ahuesado is seen to be an altered tuff. 

The downward succession is continued by a thin bedded lime- 
stone containing alternating pure and impure strata. It attains a 
thickness of 120 to 150 meters in the Delirio and Constancia 
mines. This, the Delirio limestone, resembles in all respects the 
limestones of the upper sequence. The purer layers are of cal- 
cite; the shaly-appearing strata are tuffaceous. 

A second bed of fine tuff about 30 meters thick occurs next in 
the series. The Constancia tuff, as it has been called, is of a char- 
acter similar to that of the Ahuesado. 

Persisting for some 70 meters below this tuff, is a blue-gray 
limestone, the Panizo Azul of the Delirio Mine. This member 
is a massive and impure limestone. 

The sequence clearly exposed in the mines is closed below by a 
70-meter bed of character nearly identical with the Verde tuff. 
It has been named by the miners the Segundo Panizo Verde. It 
is believed that this Segundo tuff has not been passed in deep 
exploration; although an indefinite report states (III., p. 426) 
that on the lowest level of the Delirio shaft a limestone carrying 
ore had been found below the Segundo tuff. 

The Chafiarcillo formation is thus made up of beds, varying in 
thickness from 25 to 190 meters, and composed of alternating 
tuff and limestone with a maximum thickness of 880 meters. 
The tuffs were probably of original andesitic composition. 


IGNEOUS GEOLOGY. 


At a time indefinitely later than the deposition of the Descu- 
bridora limestone, many dikes were injected into the rocks of the 
Chanarcillo formation. Their strike is prevailingly southeast, 
their thickness varies from one to three or four meters, and their 
dip nearly vertical. 

The dike rocks are highly altered. Calcite occurs abundantly 
throughout the groundmass and the altered plagioclase pheno- 
crysts. Aggregates of interlocking quartz grains and a few crys- 
tals with holohedral outline are imbedded in the groundmass. 
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Chlorite, sericite, and actinolite are of rare occurrence. Calcite 
and some quartz have certainly been introduced during the 
alteration and their presence renders the classification of the rock 
difficult. The dikes can, therefore, only be called altered por- 
phyries possibly of original dioritic or tonalitic composition. 

At a time probably considerably later than the injection of the 
dikes, the last intrusion was a small stock, 200 meters across, just 
east of the town of Juan Godoy. It is so altered that little of its 
original texture is to be seen. The specimens have a dull gray 
vitreous appearance, and can not be determined megascopically. 
Under the microscope it is seen to be of fairly coarse texture. 
Of its original constituent minerals, andesine feldspar alone re- 
mains in large, typically twinned crystals. Diopside in coarse 
grained crystals, showing the characteristic twinning, occurs in 
ill-defined veinlets and irregular areas and no doubt replaces both 
the feldspar and some ferromagnesian mineral now quite altered. 
Associated with diopside are wollastonite, a few grains of epidote 
and a fibrous mineral, perhaps a serpentine, but of indeterminate 
character. A later stage of the alteration has introduced a min- 
eral in elongated, interlocking, colorless crystals with bent forms 
and undulatory extinction. It has positive optical character, 
negative elongation, an index of refraction about 1.60 to 1.62, 
low birefringence (0.012—0.015) and parallel extinction. It is 
biaxial with an optic angle (2E) about 50°, the axial plane ap- 
pears to be perpendicular to the cleavage; but the optic axis 
emerges in sections showing no cleavage. The identity of this 
mineral is uncertain, for its characteristics do not seem to agree 
with any known species. It replaces both the earlier pyroxene 
and the feldspar. 

The composition of this igneous rock is peculiar. its altera- 
tion, however, seems certainly of a contact metamorphic nature 
and, in all probability, after its consolidation near the upper con- 
tact of the stock, hot solutions of igneous origin penetrated it 
under high pressure from below. Lime may have been intro- 
duced ; the rock appears to be abnormally high in this component. 
Iron was most certainly removed. Many of the minerals were 
entirely replaced by those stable under contact metamorphic con- 
ditions and the rock was changed to its present character. 








W. L. WHITEHEAD. 


STRUCTURAL GEOLOGY. 


During and probably persisting after the period of igneous 
activity, the rocks of the district were subjected to compression. 
The anticline whose limbs dip east and west of Chafarcillo was 
formed. In the district itself which lies upon the axis of this 
fold, the rocks have but gentle inclination. Their folding, though 
slight, is, however, believed to be of great structural importance. 

The flat apex of the anticline is represented in the Chanarcillo 
district by a bifurcating fold with a maximum dip at the eastern 
and western extremities of the district of about 5°. At the 
northern end of the area the fold is single, its apex falls upon 
the claim of the Manto de Ossa Mine and continues to the north- 
east. From the Manto de Ossa southward this anticline parts. 
One slight flexure, an anticline, passes through the claims of 
the Colorado, Desempefio, San Francisco, Delirio and Constancia 
Mines. Another similar fold extends due south from the Des- 
cubridora Mine. A shallow syncline separates these anticlines. 
East and west of these flat folds the dips increase gradually 
to their maximum. The folding, therefore, has been gentle 
but complex upon the apex of the great anticline; but upon the 
limbs has been steep and essentially simple. 

Probably in genetic connection with this folding, the vein 
fractures were formed. They strike predominantly parallel to 
the major axis of folding and dip steeply near the axial plane. 
A few are to be found, however, at an angle near 45° to the strike 
of the axis. The fractures were manifold, at least 20 in num- 
ber, they were imbricating and discontinuous often locally; but 
they no doubt extended to great depths and were open. 


MINERALIZATION. 


Next penetrating them came vein forming solutions of in- 
definite but probably igneous origin. Veins were deposited vary- 
ing in width from 25 centimeters to one meter, and containing 
calcite, barite, quartz, siderite, arsenopyrite, zincblende, pyrite 
and many arsenides, sulpharsenides and sulphantimonides of 
silver. Ore shoots in places rich in silver were formed and, 
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before the end of this single, and perhaps short, metallogenetic 
epoch, the primary or hypergene veins of the district had been 
produced. 

After a period of post-mineral faulting, the district has been 
affected principally by the process of erosion during which many 
constituents of the veins have been dissolved, carried downward 
into the veins, reopened in part by the movements of faulting, 
and have been precipitated. This process, repeated again and 
again, has produced rich bodies of ore. In the upper portion of 
the veins, in the oxidized zone, chlorides, iodides and bromides of 
silver, native silver and dyscrasite have been deposited. Below 
in the enriched zone native silver, dyscrasite, argentite, stephanite 
and other sulphides have been precipitated. The veins in both 
zones have been widened in places to a rare 10 meters. This 
process, that of oxidation and enrichment by supergene solutions 
of atmospheric origin, has been the cause of the great bodies of 
bonanza ore of Chajarcillo. 


THE VEINS. 
DIRECTION AND LOCI OF VEINS. 


The history of the veins of Chafiarcillo is to be read only 
during the late geologic events inferred for the district. The 
deposition of sediments, the effusion of lavas, the injection of 
dikes into the strata and the intrusion of plutonic bodies of 
igneous rocks have all preceded the formation of the veins. The 
results of these pre-vein processes have in many cases exerted’ 
marked influence upon deposition of the veins; but their effects 
have been mainly those always produced by the environment 
into which vein-forming solutions are brought. The vein history 
itself is introduced after the close of igneous activity at the: 
‘horizon of the present surface of the district and was also pre-- 
ceded by the period of folding. 

The connection between the direction of the veins and the 
axes Of folding is striking. Of these axes, that of the more per- 
sistent anticline strikes N. 25° E., and that of a minor divergent 
anticline branches from the main fold on the Descubridora claim: 
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and strikes directly south. Ten of the twenty-four veins recog- 
nized in the district have a direction parallel to these axes. Six 
lie parallel to the major fold; four strike with the minor flexure. 
These ten veins include all but one of the great continuous veins 
of the district and have no doubt produced considerably more 
than 70 per cent. of the silver mined at Chafiarcillo. The other 
veins, nine in number, have a strike at about 40° to the major 
axis of folding. Three, at N. 65° E., of which the Veta Can- 
delaria is one, are veins of some importance; six, at N. 15° W., 
are poor. Two curved branches of the Corrida Colorada seem 
each to be composed of joined veins of these 40° systems, at 
about 90° one to the other. A third curved vein, the Guias del 
Descubridora, branches from the Veta Descubridora at the north, 
follows it for several hundred meters, tends N. 65° E., and 
finally to the south dies out in the trough of the shallow syncline 
between the greater and lesser anticlines. The greater number 
of veins, about 90 per cent. indeed, may be said to have a direc- 
tion parallel to an axis of folding or at about 40° to such an axis. 

Moreover, the character of the vein seems to vary with its 
position with regard to the folding axis. The richest vein of 
Chafiarcillo, the Corrida Colorado, continuous over a distance of 
more than two kilometers, lies directly upon the crest of the 
greater anticline. The Veta Descubridora. a rich producer, is 
upon the axis of the minor, divergent anticline. Away from the 
axes of the folds the veins parallel to them grow less continuous 
and poorer. Among the veins at 40° to the anticlinal axes but 
one, the Veta Candelaria, is rich, and it attains its best develop- 
ment upon the crest of the two folds at their junction. The dips 
of all veins are steep to the west or northwest. The stronger, 
more continuous veins thus lie near the axial planes of the folds, 
those weaker and of short extension are upon the limbs. 


THE FISSURES. 


From such considerations a genetic relation of the vein frac- 
tures to folding is to be inferred. The mechanics of the formation 
of mineralized fissures, however, has always proved to bea difficult 
and obscure subject. In many cases the rocks are of a nature or 
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the alteration is so severe as to give the geologist no precise index 
of folding, and the literature is thus deficient in the treatment of 
fracture origin in mining districts. Willis,? however, while not 
discussing the feature, has illustrated fractures, or small faults, 
near the axial plane of anticline in competent strata. The un- 
published results of A. R. Whitman and of the author in the 
Cobalt District, Ontario, also give excellent proof of the genetic 
connection of folds and vein fractures. The veins of Chajiarcillo 
seem to offer further indication of this mode of origin of vein 
fissures. 

An origin of the fractures during folding postulates the up- 
bending of the anticlinal arches and the subjection of the com- 
petent strata of limestone and tuff to tensional forces near the 
axes of the folds. Fractures of great continuity would form 
under these conditions upon the axes; parallel to them minor 
fractures would occur. Furthermore, the forces of compression, 
which produced the folds, are in a direction of about 90° to the 
axes of folding. Such forces are often known to cause fractures 
or joints in rocks at an angle near 45° to their direction as diag- 
onals of an ellipsoid of strain. As the stress and the consequent 
strain upon the rock increases, the ellipsoid becomes flatter, the 
diagonal planes are changed and the angles between the planes of 
fracturing and the directions of force become greater. Thus the 
systems of vein fractures at 40° to the axes of the folds are 
easily explicable and indicate an ellipsoid of strain but slightly 
changed from the undeformed sphere. 

The facts of the field seem to agree with such an hypothesis 
of fracture origin. Few of the veins lie in a direction in dis- 
agreement to this explanation. The veins of the Dolores Ter- 
cera and the Loreto Fifth have a north-south strike, but are far 
_ removed from the fold of this direction. The two barren veins 
of the northern part of the district, those crossing the claims of 
the Bolaco Nuevo, Manto de Ossa and the Manto Peralta, and 

7 Willis, Bailey, “ Mechanics of Appalachian Structure,” U. S. Geological 
Survey, Thirteenth Annual Report, Pt. II., p. 217, Plate LXXVI. and following. 


8 Becker, G. F., “ Finite Homogeneous Strain, Flow and Rupture of Rocks,” 
Bull. Geol. Soc. America, vol. 4, pp. 13-90, 1893. 
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of the Bolaco Nuevo, Esperanza and Descubridora respectively, 
are also of direction obscure in its connecion with folding. Such 
exceptions are, however, rare and include only four minor veins 
out of the total of twenty-four. The others, constituting more 
than 80 per cent. of the number and all of the more continuous 
rich veins, fill fractures of which it may be stated with some con- 
fidence that their origin is due to the forces producing folding. 


Verns APPROXIMATELY N, 25° E, Veins APPROXIMATELY N. 15° W. 
1. Corrida Colorada. 14. Veta Loreto 3a. 

2. Guias de Carvallo. 15. Veta Loreto 4a. 

3. Veta Esperanza. 16. Veta Atravieso. 

4. Veta Mercedes. 17. Veta Chacabuco. 

5. Veta Loreto ta. 18. Veta Desempeno. 

6. Veta Loreto 2a. 19. Veta Yungai. 

VeInsS APPROXIMATELY N.-S. Veins Curvep (BotH N, 65° E. anp 

7. Veta Descubridora. N. 15° W.). 

8. Guias del Manto de Ossa. 20. Veta Forastera (branch). 

9. Veta Dolores Tercera. 21. Guias de Colorada (branch). 
10. Veta Loreto 5a. 22. Guias del Descubridora. 

VeIns APPROXIMATELY N. 65° E. Veins APPROXIMATELY N. 55° W. 
11. Veta Candelaria. 23-24. Two barren veins of the 
12. Veta Bolsa. northern district. 


13. Veta Nuevo Bolaco. 


These may be of later formation and connected with faults at 
N. 55° W. (see p. 58). 

The vein fissures thus fall in two groups, that of the axial 
fissures and that of the fissures at 40° to the axes of folds or the 
shear fissures. The axial fractures probably produced by ten- 
sional stress were doubtless open, certainly, in places to a width 
of 25 centimeters, and perhaps locally to a width of one meter. 
Movement occurred upon them as evidenced by the gouge usually 
upon the footwall; but this movement, slight in extent, does not 
indicate their classification as faults. The shear fractures, also 
loci of small displacements, similarly were open fissures; but the 
character of their origin suggests that the openings upon them 
were generally narrower than upon fissures of the former class. 
The Candelaria fracture, however, must have been a wide fissure 
and here the factor of bending may have been operative. Upon 
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all fractures the hanging wall appears to have been broken by 
innumerable imbricating cracks and fissures. The footwall has 
been usually unbroken, however, and is in many places polished, 
slickensided and covered by gouge. During the subjection of 
the rocks of the district to lateral compressive forces, therefore, 
was produced a network of open fissures of great continuity both 
horizontal and vertical. 


THE PRIMARY MINERALIZATION. 


The primary mineralization was produced by solutions which 
penetrated this network, perhaps immediately upon its opening. 
They no doubt came from below, were hot, possibly of a tem- 
perature of 150° C. to 300° C., and were under high pressure. 
Their origin, as is often the case with vein-forming solutions, is 
obscure; but the contact metamorphism of Los Carros diorite is 
significant in this connection. 

This type of alteration of the intrusive strongly indicates in 
the light of the present knowledge of contact metamorphic proc- 
esses that the igneous rocks injected below the present surface of 
the district gave off emanations charged with soda, lime, silica, 
water and other volatile substances. These emanations at high 
temperature and under great pressure altered the contacts of the 
intrusion from the deeper core of which they were derived and 
undoubtedly continued onward to impose similar metamorphism 
upon the surrounding limestone. A few crystals of albite feldspar 
replacing limestone near bedding planes is the only evidence of 
this latter process obtained in the field. Los Carros intrusion is 
not, however, believed to be the immediate origin of the vein 
solutions of Chajiarcillo; but from the nature of plutonic igneous 
activity in the region strong probability exists that similar in- 
trusions lie at depths below the zone penetrated by the mines. 

‘Los Carros stock is merely a cupola of a deeper intrusion which 
undoubtedly had other excrescences. From these points, loci of 
concentration perhaps of the igneous emanations of the cooling 
magma below them, solutions perhaps rose and, after producing 
in all probability contact metamorphism of a nature comparable 
to that noted at the present surface, penetrated under great pres- 
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sure all openings offered them and, as they progressed upward 
along the fractures in the cooler rocks, deposition took place. 
The Chafiarcillo fissures were of a nature to become such chan- 
nels, the presence below of the magma parent to the solutions is 
strongly indicated and it is believed the vein-forming solutions 
of the district had such an igneous origin. 

The solutions, whatever their source, introduced the min- 
eralization of the Chafiarcillo veins. During the period of their 
access to the fractures, the fissures were filled and the wall rocks 
were replaced in part by the minerals of the primary or hyper- 
gene mineralization. 

DEPTH. 


Veins representative of this stage alone are rare in the district. 
Almost invariably the primary ore has been subjected to some 
supergene alteration; but many important ore shoots are pre- 
dominantly composed of hypergene ore. Such ore bodies lie at 
an appreciable depth below the surface. In the northern district 
extending southward to the Bocona property on the Corrida Colo- 
rada the depth of ore predominantly primary varies from 200 
to 350 meters. South of this point in the San Francisco and 
Dolores Primera mines it is found some 450 to 500 meters in 
depth. The Delirio and Constancia mines have encountered such 
ore at about 400 meters. As few mines of the district have 
reached a depth of 500 meters, evidently little primary ore has 
been extracted at Chafiarcillo. 

The depth at which this type of ore occurs is intimately re- 
lated to the stratigraphy of the sedimentary rocks. In fact the 
statement is accurate that primary ore is to be found in the third 
limestone bed below the surface. Thus in the northern district, 
defined as above, this ore is met in depth first in the Delirio lime- 
stone. In the southern area at the depths noted it was developed 
in the lowest Delirio limestone and in the Azul limestone. 


WIDTH. 


The veins of primary character found in these positions are 
usually somewhat narrower than on the levels above. They vary 
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in width considerably, of course, but when minable are usually 
from 25 centimeters to one meter wide. These widths are con- 
tinuous laterally along the dip of the limestone strata often for 
100 meters or more; but vertical changes in the width of the 
primary veins are sudden. A narrow cleft hardly traceable in 
the tuffs commonly broadens upon entering a limestone bed 
(panizo) and often attains a thickness of 75 to 100 centimeters 
upon penetrating a pure stratum (manto) of this bed. The 
stopes of rich ore at the horizons unaffected by superficial proc- 
esses thus are usually narrow and low-backed (2-10 meters) 
but extend laterally often appreciable distances. 


TYPES OF VEINS. 

Two types of these primary veins are recognizéd in the dis- 
trict. They are composed of similar gangue minerals, calcite, 
siderite, barite and quartz. The first and less important type of 
the copper veins, however, contains more siderite. Accompany- 
ing the gangue in these veins are chalcopyrite, tetrahedrite, zinc- 
blende, galena, pyrite, arsenopyrite, and traces of the sulpharsen- 
ides and sulphantimonides of silver. The copper veins are nar- 
row, lie in fissures striking about N. 15° W. and are found 
best developed in the Veta Atravieso and its neighbors in the 
southern area. The second type and that of which the rich silver 
veins of the district are representative differs from the first mainly 
in the quantitative relation of its component minerals. In the 
silver veins, with a gangue of calcite, barite and a little siderite 
and quartz, small amounts of pyrite, galena, chalcopyrite and 
tetrahedrite occur. Zincblende and arsenopyrite are abundant 
constituents, however, and the silver minerals, pearceite, proustite, 
polybasite, pyrargyrite and perhaps miargyrite are in many places 
present in marked quantity. The usual narrow vein of this type 
‘in tuff or impure limestone, nevertheless, contains only calcite, 
barite and quartz with a sparse sprinkling of minute sulphide 
grains. 

Only upon its entering the purer limestone strata and upon its 
widening, do the sulphides of the base metals and their more 
complex accompanying silver compounds enter the vein. Here, 
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beside a vein of one to two meters thickness, the hanging wall is 
often penetrated by many interlacing rich veinlets. In places ore 
is found away from the vein to several meters. The second vein, 
narrow but rich, characteristic of the hanging wall of the Corrida 
Colorada also is confined to these horizons. Rich ore, therefore, 
often extends into the hanging wall in limestone; but the foot- 
wall is polished, covered with clay-like gouge and is barren. 


FACTORS AFFECTING ORE SHOOTS. 


Wall Rocks.—The relations mentioned above prove a definite 
and important effect upon the localization of ore shoots by pure 
beds of limestone. This feature is well illustrated by the section 
of the Constancia Mine (Fig. 2). All of the primary ore of 
Chafiarcillo is contained in limestones and the better bodies of 
such ore are in the purer strata of the limestone. 

Intersections of V eins —Of but little less efficacy in the deter- 
mination of ore shoots are the intersections of veins. The rich 
zone of the northern district from the Candelaria and Manto 
Peralta properties, through the Descubridora, Esperanza, Colo- 
rada and Loreto claims appears to be connected with the cross- 
cutting Veta Candelaria. At its immediate crossing with the 
Veta Descubridora and the Corrida Colorado bodies of extreme 
richness were encountered. These pipe-like chimneys of high 
grade ore were called “bolsos”’ or pillows by the miners. Other 
vein intersections show similar effects, as in the case of the cross- 
ing of the Veta Descubridora and the Guias del Descubridora, of 
the various Loreto veins and of the branches of the Corrida. 

Dikes.—Dikes have also affected the concentrations of ore. 
Fractured somewhat during the folding, they seem to have of- 
fered channels subsidiary to those of the veins for the circulation 
of solutions. Their strong alteration and their mineralization 
offer proof of the passage of solutions. Where they are closely 
spaced as in the center of the district near the Colorada Mine 
and where they have branched near veins they have probably 
been of importance in the mineralization of the veins. The fact 
that several of the better ore-producing areas are each upon a 
wedge-shaped block bounded by dikes dipping away from the 
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area suggests the possibility of concentration, of vein solutions 
in the blocks by the dikes. The effect of dikes at their immediate 
crossing with veins is obscured by the unfavorable composition 
of their rocks, as with the tuffs, for the precipitation of the silver 
minerals. 

Folds.—The folds have been important factors determinant of 
ore shoots, as is evident from the discussion of the origin of the 
fissures. The bedding may, however, have served also to deflect 
rising solutions into the crests of the anticlinal arches. The 
cause of the difference in character between the ore shoots of 
the copper veins and those of the silver veins is a difficult matter. 
These copper or “atravieso” veins, however, approach more 
nearly than others Los Carros intrusion and, indeed, penetrate 
its zone of contact metamorphism. This fact is suggestive of a 
more intimate relation between the Los Carros igneous body and 
the copper veins than between it and the silver veins. The pres- 
ence of copper in the inner and more intense zones of mineraliza- 
tion and of silver in the outer zones is characteristic of many 
mining districts. The copper veins of Chafiarcillo are perhaps 
indicative of similar relations of intensity of mineralizaton. 


SILVER AND COPPER VEINS. 


Thus, while certain veins at about the strike N. 15° W. may 
contain predominant copper minerals due to their proximity to 
an igneous body, the silver veins are not affected by this influence 
in known horizons. The parts of these veins carrying high con- 
centrations of silver, however, appear to be due to definite causal 
factors. To reiterate, these factors effecting precipitation of 
silver minerals are (1) purer limestone strata, (2) intersections 
of veins or fissures, (3) intersections of dikes, of dikes and veins, 
and perhaps proximity of dikes to veins, and (4) the position of 
veins with regard to the axes of folds. Where one of these 
factors has been favorable, ore shoots have formed. Where 
more than one has been in a fortuitous combination, exceedingly 
rich masses of silver minerals are encountered in the vein. 
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MINERALOGIC RELATIONS. 


Megascopic.—In this primary ore finely crystalline calcite or 
platy barite composes the greater part of the vein material. In 
many places the two are admixed. Cavities are of usual occur- 
rence in the vein and vary in size from the common few milli- 
meters of diameter to those of a centimeter opening. They are 
seen with a hand lense to contain crystalline coatings of calcite, 
of quartz and silver sulpho-salts. Scattered throughout the 
gangue are small grains or more rarely massive aggregates of the 
metallic minerals. Zincblende may rarely be observed in dis- 
seminated grains. Arsenopyrite in interlacing crystals, in solid 
aggregates, and in hollow spheroidal forms is an ever present 
constituent. Ruby silver, pearceite and polybasite lie in the 
gangue in sharply outlined grains and masses, many of which are 
angular in shape and a few of which are of feathery margin. 
The gangue is in places banded with these grains; in places the 
sulphides are evenly disseminated, and elsewhere clean gangue is 
in serrated contact with massive sulphide. 

Microscopic—Under the microscope a sequence of mineral 
deposition is clearly to be observed. Calcite, the first mineral to 
be precipitated in the veins, is replaced by holohedral crystals of 
barite. Laths of barite penetrate coarsely crystalline aggregates 
of calcite grains regardless of contacts or structure. Where this 
replacement has reached a more complete stage, masses of inter- 
lacing barite crystals are seen with residual calcite included. 
Quartz accompanied the barite and occupies areas between laths 
of this mineral. The deposition of calcite and its replacement in 
this manner by barite and subordinate quantities of quartz, com- 
prised the first stage of primary mineralization. 

The next stage, succeeding the first probably by an inappre- 
ceiable interval, consisted of the precipitation of sulphides. Zinc- 
blende filled certain cavities but more often replaced calcite in 
irregular areas along crystal boundaries. It was accompanied by 
ruby silver (proustite) which occurs in the blende in small ir- 
regular blebs. Galena, pyrite and chalcopyrite are rare com- 
ponents of the silver veins; but where they have been observed 
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in polished sections they are seen to be intergrown with zinc- 
blende in an irregular manner typical of contemporaneity. This 
stage of the primary deposition, though characterized by the pre- 
cipitation of traces of proustite, is on the whole a period of the 
formation of sulphides of the base metals. 

Arsenopyrite in great quantity was introduced into the veins 
next in the succession. It was precipitated in cavities, usually 
only partly filling them. It replaced calcite along crystal con- 
tacts and along cleavage lines. Its acicular crystals commonly 
penetrate zincblende, and veinlets of arsenopyrite cut the latter 
mineral. Ruby silver again was deposited in small amounts; 
and quartz was precipitated, replacing calcite and barite in halos 
about the arsenopyrite. It also is developed in holohedral crys- 
tals and fine aggregates along the contacts of calcite and barite 
and replaces both of these minerals. This stage, the third of the 
sequence, is again a predominantly barren mineralization typified 
by the introduction, first in great amounts into the veins of iron 
and of arsenic. 

Arsenical minerals continued to characterize the early part of 
the fourth stage. Pearceite and proustite completed the filling 
of cavities partly occupied by arsenopyrite. They are to be seen 
in many places in vugs lying in the interstices of acicular arseno- 
pyrite crystals. They also are deposited upon calcite in vugs and 
usually completely fill the openings. Replacement of gangue, 
principally of calcite, by these minerals occurred but was of sub- 
ordinate importance to their filling of open spaces. Late in the 
fourth stage, antimony-bearing minerals appeared. Tetrahedrite, 
often of the variety freibergite, is found replacing calcite around 
the contacts of arsenopyrite crystals. Polybasite replaced the 
margins of pearceite grains; pyrargyrite affected similarly masses 
of proustite. WVugs were also filled by polybasite and pyrargyrite 
and small blebs of pearceite and proustite in the antimony min- 
erals testify to the fact that locally the arsenical silver compounds 
were still stable. Replacement of calcite by veinlets and areas of 
polybasite and pyrargyrite is a feature commonly observed. Thus 
this fourth and last stage of the primary mineralization began 
with predominant open filling by arsenical silver compounds and 
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closed with replacement by antimonial silver sulphides. From 
(1) the character of the open fillings, (2) the former absence of 
antimonial minerals, (3) the replacements of gangue, (4) the 
mineral associations and (5) the absence of replacement of galena 
by ruby silver of this stage, the period is believed undoubtedly 
primary and is thus the last stage of the hypergene sequence pre- 
eminently important in the formation of the Chafiarcillo veins. 


PRIMARY MINERALIZATION. 


Character. First Stage. Process. 
Calcite. Filling. 
Barren gangue mineral (Siderite.) 
o y Ss. ‘, 
— Barite. Replacement. 


( Quartz.) 


Second Stage. 


Pyrite. 

Base metal sulphides. Zincblende (Proustite). 

(Traces of silver.) Chalcopyrite (Proustite). Replacement. 
Galena (Proustite). (Filling.) 


Third Stage. 


Arsenopyrite. Arsenopyrite (Proustite). Replacement. 
(Traces of silver.) Quartz. Filling. 
Fourth Stage. 
Sulpharsenides of silver. Pearceite. Filling. 
Proustite. (Replacement. ) 
Sulphantimonides of Tetrahedrite (Freibergite). 
silver. Polybasite. Replacement. 
Pyrargyrite. ( Filling.) 
FAULTING. 


At a time subsequent to the primary mineralization of the 
veins, but separated from it by an interval of indefinable length, 
the rocks and veins of the district were dislocated by faults. The 
‘early part of this period, characterized by faults of appreciable 
displacement, is represented at Chajiarcillo by one fault only. 
This, the Loreto fault, strikes NW—SE., dips to the southwest 
and is normal. The displacement upon it, downward on the 
southwestern side, is about 50 meters. This fault separates what 
have been called the northern and southern areas of the district, 
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in reality the northern and southern blocks, and the displacement 
upon it is the cause of the difference of mineralization of identical 
strata in these two blocks. Later faulting has produced no im- 
portant displacements. The fault striking N. 55° W. in the north 
of the district and cutting the Bolaco Viejo shaft throws the Cor- 
rida and Manto de Ossa veins about 140 meters horizontally ; but 
the vertical displacement is slight. This fault is distributive on 
at least four faults in the Candelaria claim. The San Francisco 
fault striking N. 75° W. through the central part of the district 
produced a predominant lateral displacement of about 30 meters. 
The San Blas faults at the southern extremity of the area are of 
a similar nature. They caused marked horizontal displacement ; 
but dislocated the strata but little vertically. 

During the faulting period small faults were formed on dikes 
and on veins. Veins were displaced on dikes, and more rarely on 
cross veins; dikes were opened to offer channels for downward 
percolating solutions; and the veins were universally fractured 
and reopened. 

After the first period of faulting, therefore, the rocks of the 
district were broken into two blocks of about 50 meters difference 
in elevation; after the second period the displacements though 
often great were unimportant; but the veins, dikes and rocks were 
shattered and opened in a manner to have a marked influence 
upon succeeding processes affecting the veins. 


EROSION. 


The period of faulting was followed by erosion during which 
the surface was slowly worn down from a horizon at least hun- 
dreds of meters above the present surface to their outcrops of 
today. Former cycles or stages of the physiography seem unim- 
portant in connection with the veins. For long periods in the 
past the climate appears to have been somewhat similar to that 
of today or to have been more arid and in consequence of this 
inference, the present processes of a superficial nature in the veins 
the believed to have been operative in the past. Whatever super- 
gene concentrations of silver may have been formed during early 
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physiographic stages, arid or wet, have certainly been modified 
and their minerals redistributed during the last stage of erosion. 

Thus the discussion of the veins is concerned merely with the 
present erosive period and its variations. The topography of the 
district and its environs shows this period clearly to have been 
simple. Deep cajfions and valleys lead the drainage of Chajiar- 
cillo southward to the broader valley of the Quebrada de Pa- 
jonales. This course, proceeding to the sea, is partly filled by 
alluvium. The topography, therefore, is young in the highlands 
about Chafiarcillo, is more mature in the main valleys, and in the 
latter localities indicates a recent slight depression. 

Such an interruption of erosion, however, has not affected the 
mountains of the district. Here the youthful stage has persisted 
from its beginning. The deep cuts of the cafions have, as they 
proceeded downward, stimulated the circulation of surface 
waters. Possible older concentrations of silver in horizons now 
removed have been carried downward into the veins and precipi- 
tated anew. Erosion has not outstripped solution and deposition, 
as sulphides are never exposed in the valleys, but the two proc- 
esses have in an orderly manner kept in pace and as the youthful 
topography of the district was carved the present supergene con- 
centration of silver in the veins progressed. 


ENRICHMENT. 


Depth—tThe primary ores are first found affected appreciably 
by supergene or secondary processes at a depth of 160 to 300 
meters in the northern area and of 350 to 400 meters in the 
southern area. The zone of this first alteration in depth of the 
hypergene ore, or the zone of enrichment is at the north in the 
Negro limestone, at the south in the Delirio limestone. It thus 
varies in thickness in the north from 40 to 65 meters and in the 
south from 120 to 150 meters. It usually occurs in the second 
limestone horizon below the surface and separating it from the 
zone of unaltered, primary ore beneath, lie the Ahuesado tuff and 
the Constancia tuff. 

Zoning.—In the enriched zone many of the structures and 
minerals of the primary zone remain. In the lower part of the 
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zone supergene effects have often been weak and the alteration 
has been slight. In the upper zone, however, and near faults and 
fractures, the enrichment has obliterated the primary sulphide 
mineralization. Thus, though the underlying and overlying beds 
of tuff give unusually sharp delimitation to the zone of enrich- 
ment, the zone, nevertheless, is defined rather by the processes 
involved in the formation of the ore than by the quantitative re- 
sult of such processes. 

Character—The secondary deposition of silver is character- 
ized by the predominance of replacement. The primary ore 
shoots are pseudomorphed by those of the enriched bodies; their 
shape, size and general relations as described above are un- 
changed; but by the precipitation of minerals containing greater 
percentages of silver than those of the hypergene deposition they 
have been appreciably increased in richness. Pearceite, proustite, 
polybasite and pyrargyrite in the relations typical of the primary 
veins have been replaced by stephanite, argentite, minor amounts 
of a second generation of pearceite and polybasite, and by much 
dyscrasite and native silver. Replacement of gangue minerals 
has rarely been noted in the ores developed during enrichment. 
The enriched ores of Chafiarcillo thus are due predominantly to 
the replacement of the sulphides of early deposition by super- 
gene sulphides and native silver. 

Mineralogy.—Under the reflecting microscope these relations 
are clearly to be observed. In the first stages of enrichment ruby 
silver is replaced by argentite, stromeyrite, stephanite and traces 
of polybasite and pearceite. The typical arrangement of the 
supergene minerals is in concentric bands about cores of the un- 
altered ruby silver. In this stage pyrargyrite is first affected by 
the secondary replacements; proustite is more resistant. Upon 
enrichment becoming more intense, dyscrasite and minor amounts 
of native silver and silver amalgam are introduced. The native 
elements, including dyscrasite, develop in irregular dendritic areas 
first in pyrargyrite, later in proustite, pearceite and polybasite. 
As their deposition proceeds they replace completely early sul- 
phides and finally in the upper part of the enriched zone pene- 
trate the earlier sulphides of enrichment, argentite, stephanite. 
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pearceite and polybasite in feathery masses typical of replace- 
ment. The result of most intense enrichment is veins of massive 
dyscrasite and native silver. Rarely these two minerals are crys- 
talline and have been deposited in open spaces; in places they 
have evidently in part replaced calcite and are found penetrating 
crystals of calcite along the cleavage; but the great part of the 
silver of these rich veins has replaced sulphides of earlier devel- 
opment. This last stage evidently involves a process of oxida- 
tion; but is distinctly a feature of the zone of enrichment. 


ENRICH MENT. 


Character. First Stage. Process. 
Stephanite. 
Sulphides of silver. (Beerceite.) Replacement of earlier sul- 
(Sulphide enrichment.) (Bolybasite:) hides 
E s (Stromeyrite.) P a 
Argentite, 
Second Stage. 
igs Dyscrasite. Replacement of all earlier 
Native elements. ay ie ; : 
Native silver. sulphides and of gangue. 


(Oxidation of sulphides.) Silver amalgam. (Open filling.) 


The copper veins in this zone show similar processes to have 
been acting upon them. Chalcocite and more rarely stromeyrite 
replace chalcopyrite, bornite and tetrahedrite in the crossing vein- 
lets quite typical of secondary copper deposition; but strangely 
absent from supergene structures in the silver veins. No appre- 
ciable concentration of silver has taken place, however, in the 
copper veins in the enriched zone. 

Factors Affecting Ore Shoots—rThe enrichment has been af- 
fected less than the primary deposition by factors of environ- 
ment. Enrichment, however, has proceeded more rapidly in the 
vicinity of faults, upon reopened veins and near fractures, porous 
dike rocks. Intersections of veins, with the consequent openings 
due to the post-primary movements, have offered excellent chan- 
nels for the circulation of supergene solutions. The great part 
of enrichment is, nevertheless, determined by the primary ore 
shoots. 
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OXIDATION. 


Stratigraphic Position—Above the enriched zone and sepa- 
rated from it by a bed of tuff, the Ahuesado tuff in the southern 
block and the Verde tuff in the northern, lies the zone of oxida- 
tion. This zone is found in the limestone outcropping at the 
surface or, where tuff is exposed, in the first limestone bed below. 
Thus in the north the Descubridora limestone is the country rock 
of the oxidized veins and in the southern area the Negro lime- 
stone is their usual horizon of deposition. The zone of oxida- 
tion attains in the north a thickness of 190 meters while in the 
south where it is found beneath the Verde tuff it is merely some 
50 meters thick but extends to a depth below the surface of per- 
haps 100 meters. 

This zone is characterized by the deposition of halides of silver 
and of oxides of iron. The latter minerals permeate the walls of 
the veins and lend their warm red colors to the rock. The miners 
have thus called the oxidized zone the “panizo calido” or 
“warm zone.” 

Ore Shoots——The ore shoots here are quite different in size, 
shape and character from those of the primary and enriched 
zones. The veins have been appreciably widened and in places 
are observed of a width of 10 meters. The ore shoots have lost 
the elongated shape parallel to the limestone bedding so typical 
of the sulphide zones and are of irregular shape. They attain 
vertical dimensions of 30 to 50 meters and a horizontal extension 
of almost continuous ore of 200 meters or more. Assays were 
high in silver and have been reported of the richness of 2 to 2.5 
per cent. silver. The stopes in this zone are, therefore, wider, of 
greater vertical and horizontal extent and were composed prob- 
ably of higher grade ore than those in the deeper productive levels. 

The rich ore bodies, which have been extracted from the stopes 
of the oxidized zone, have apparently been concentrated, to judge 
from present available data, in definite connection with certain 
geologic factors. They first are confined, as the ores below, to 
limestone strata. Dikes have, where they cross the veins, evi- 
dently influenced deposition and caused the extension of ore 
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PLATE I. Economic GEOLCGY VOL. XIV. 





a. Iodobromite (pebbly gray) replacing calcite (dark gray). Note preserva- 
tion of calcite structure. > 400. 

b. Iodobromite (light gray) replaced by thin marginal lines of argentite in 
calcite gangue (black). > 400. 





“a d. 


c. lodobromite (light gray) replacing calcite along twin lamellae. > 195. 
d. Dyscrasite (light gray) replacing argentite (dark gray). Gangue is black. 


x 29. 








PLATE Il. Economic GeoLtoGy. VOL. XIV. 





a. Calcite <black) replaced by iodobromite containing specks of dycrasite 


(white). XX 850. 





b. 
b. Native silver (light gray), replacing iodobromite (black). 1,000. 





JoL. XIV. 
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shoots to greater depths than where they are absent. This effect 
in some cases is due to the interruption of circulating surface 
waters; in others it is brought about by the fracturing of the 
dikes and the surrounding rock. Cross fractures of post- 
primary age produce similar local enrichments, but perhaps 
greatest in importance as an influence upon the precipitation of 
silver in the oxidized ore shoots are the fractures of latest age 
parallel to the veins and near their intersections. Where these 
factors have proved fortuitous in their connection with the earlier 
ore bodies, exceedingly rich masses of chlorides, bromides and 
iodides of silver, and of native silver have been formed. 

Mineralogy. Under the microscope the oxidized minerals in 
polished section show a typical and interesting sequence. Areas 
of native silver and dyscrasite of the last stage of enrichment 
are replaced at their contacts with gangue by halides of silver. 
The halides, usually a greenish mineral containing silver, iodine, 
bromine and chlorine, and identified as iodobromite, develops 
irregularly at the margins of the dyscrasite and penetrates the 
latter in blunt rough-edged veinlets. Many areas of seemingly 
pure iodobromite and cerargyrite contain smoothly rounded blebs 
of dyscrasite, minute specks of fine irregular lines of this min- 
eral to prove their origin by its replacement. Veinlets of native 
silver and of dyscrasite are interrupted by their entire conversion 
throughout short lengths to iodobromite. Where argentite, ruby 
silver or other silver sulphides have persisted unaltered to be ex- 
posed to the processes of oxidation, they are to be frequently ob- 
served replaced in part by halides of silver. Minute specks of 
ruby silver are, in many places, surrounded and indented by 
cerargyrite and iodobromite. 

Open filling by the halides is not unusual and cerargyrite. 
bromyrite and iodobromite are to be found coating fractures and 
filling vugs. Replacement, however, is the predominant process 
of the deposition of these minerals. Calcite has been partially 
replaced along cleavage lines by the common rouge-colored oxide 
of iron and these lines of rhombic shape are often to be seen in 
areas of silver halides. Veinlets of iodobromite also penetrate 
the twinning of calcite. From such relations the replacement of 
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calcite by silver halides seems well proven, and no doubt explains 
in part the great width of the veins of the oxidized zone. In 
places, nevertheless, calcite is unaltered and dyscrasite lying on 
cleavage planes of calcite has been replaced. Thus under certain 
conditions calcite has been replaced by halides of silver, under 
others dyscrasite, native silver and earlier sulphides have been 
replaced, and under all circumstances a subordinate amount of 
the filling of spaces has been accomplished by silver halides. 

In the copper veins a different but probably parallel sequence 
has been inferred. Areas of native copper, no doubt derived 
from chalcocite of the complete enrichment of the primary ore, 
are replaced at their contacts with gangue by bands of native 
silver. The silver is, in turn, replaced at its immediate contact 
with the gangue by a narrow coating of cuprite, crystals of which 
project into the silver. The deposition of silver here seems of 
approximate contemporaneity with that of the halides of the 
silver veins. 

As a next stage of the processes affecting the silver veins, the 
halides of the oxidized ores are replaced by native silver and by 
argentite. Narrow rims, represented in the polished section mag- 
nified 500 diameters by a mere line, lie at the contact of calcite 
and iodobromite and prove to be native silver. Feathery vein- 
lets of native silver commonly penetrate areas of halides. Ar- 
gentite as a coating of masses of iodobromite has also been ob- 
served. The development of these two minerals, however, closes 
the sequence of deposition in the Chafiarcillo veins. 


OXIDATION. 
Character. First Stage. Process. 
Cerargyrite. Replacement of all earlier 
Iodobromite. silver minerals and of 
Halides of silver. Bromyrite. calcite. 
Embolite. Open filling. 
lIodyrite. 


Second Stage. 
Local enrichment due to re- Native silver. Replacement of halides. 
versal of oxidation reac- Argentite. 
tions. 
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ANALYSIS OF VEIN AND WALL Rock (Moesta) Oxipizep ZoNE, CHANARCILLO. 





I II. 
MO sesiidestvsacyossawy we eters GIF — Si Qe miviecveceuciicubwunewesak 22.82 
PRMD. the Ce te oo NS yas wget iy. ee EG Se Se > 6 Re ee 3-53 
BAD anc coe Ges Sian s SIM. RR ace acer corte See tapas He 11.46 
1, CS eee ae: eras RG ie) (CAO Raine oseern eee bos 29.73 
COCs on deere Sas Sodio te B65) COs. 068. «lst kee eases 31.09 
CS REE Ce rare ener a TTO4~  RO-E Nao) oc ks eee sce 1.69 
Cee ES PE 0 Sa een aee rey re 1.2 Cae Bhatt Bitten Re ee 0.93 
ch, Suites edb PR Ad sca a ee a 1.55 101.25 
98.91 


I.= Ore bearing altered rock of vein (manto). 
II. = Unaltered wall rock. 


The altered rock shows appreciable increase in SiO,, Al,Os,, 
Fe,O, and MgO (BaO?), losses of CaO and COsg, and the addi- 
tion of AgCl. 


ANALYSES OF Haines oF Sitver (Moesta). 


PID PE 5 aise arena s:4 cde ete hiate wile Se wia's 75.3 46.0 

AGERE Eee tes cad ses c ck see eeens wees 24.7 

PROSITE Sie eho nL tees thie peleee ee esiec ec 54.0 
100.0 100.0 


I. and II. therefore are cerargyrite. 

VII. is iodyrite. 

The ratios of Cl, Br and I of the remaining analyses, taking 
Ag = 1, are as follows: 


Ill. IV. V. VI. 








MOE shin ta ales lal tok ane & Sie I I | I I 

_ RRR Fs aca A a RG te ot 0.6415 0.5132 0.4101 0.3904 

Shas wR etd Set Ore ees eel 0.3599 0.4864 0.5902 0.5871 

RSE Sato Ieee en 0.0233 
1.0014 0.9996 ___1,0003 : 1.0008 


These ratios indicate distinctly the existence of isomorphism 
between cerargyrite, bromyrite and iodyrite and as the complex 
halide compounds of silver are quite homogeneous under the 
microscope at highest magnification such isomorphism is believed 
well proven. 
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ANALYSES OF Ha.ipes oF SitveR (Moest) Oxtizep Zone, CHANARCILLO. 


¥; VI. VII. 

















I, Il. Ill. ¥, 

_\ Soha aaa ee 73.58 74.76 67.68 64.07 61.40 62.89 45.02 

SBM Ree parperripettn se: 24.42 24.68 14.25 11.12 8.81 8.08 

Dilis vans 640.4530 18.04 | 23.07 26.85 27.35 

tig Se eee ee | tr. 1.73 54.25 

RR Sick teers erases 1.31 0.07 | 1.78 2.99 tr. 

99.31 99.51 99.97 | 100.04 100.05 | 100.04 99.27 
Subtracting Hg as chloride. 
I i. Ill. lV. V. VI. Vil 

BRAP es Sore tess io sya re 74-73 74.82 67.68 65.42 63.65 62.89 45.02 

ER Sere ee 24.56 24.68 14.25 11.04 8.58 8.07 

PE ee ee 18.04 23.57 27.83 27.35 

SSSSSdoeree eee By | 54.25 

99.29 99-50 | 99.97 | 100.03 _ 100.06 | 100.04 99.27 
Tue MINERAL SEQUENCE OF THE CHANARCILLO VEINS. 
Silver Veins. Quartz. Chalcopyrite. Oxidation. 
Printary. Pearceite. (Galena.) Cerargyrite. 

Calcit Proustite. Arsenopyrite. lodobromite. 
aicite. : ° rf 

(Siderite.) Tetrahedrite Tetrahedrite. Embolite. 

é f (Freibergite). Bromyrite. 

Barite . Sonpe I pi Spee ‘ 
Quartz.) Polybasite. Silver Veins. Ri atl cn coll vnen 

( a a? Pyrargyrite. * Enrichment. Argentite 

Pyrite. : = ~ 2 : 

Zincblende C Vei Stephanite. C > 

“ -opper 1S. f > 
(Proustite) mn ems. (Pearceite.) opper Veins. 

s ° Pri , % Ser 

: teat Primary. (Polybasite.) Enrichment. 

Chalcopyrite Gaicte : ; ae 
(Proustite) wegen (Stromeyerite.) Chalcocite. 

Gal cs Siderite. Argentite. (Stromeyrite.) 
alena ee ; cidati 
(Piblneiste Barite. Dyscrasite. Oxidation. 

Ars nator iki (Quartz.) Native silver. Native copper. 

: Aen seibtons Pyrite. Silver amalgam. Native silver. 
(Proustite). Zincblende. Cuprite. 


THE CHEMISTRY OF THE VEIN PROCESSES. 


The chemistry of the primary mineralization is to be inferred 
only in its generalities. 


Solutions containing carbonates of lime 
and iron were succeeded by those carrying sulphate of barium 
Next base metal sulphides, sul- 
phide of arsenic and iron, quartz, sulpharsenides of silver and 
sulphantimonides of silver and copper were deposited in the order 


and a small amount of silica. 
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given from solutions of unknown composition. That the later 
sequence was precipitated from hot alkaline sulphide solutions is 
doubtful. Complex sulphides of silver are unstable in such solu- 
tions (IX., p. 375). The earlier series, including arsenopyrite, 
undoubtedly was formed during the existence of intense condi- 
tions of mineralization. The pressure was high and temperature 
perhaps between 150° C. and 300° C. The sequence of silver 
deposition appears probably to have had its origin under lower 
pressure and temperature. 

The supergene processes, however, admit of more precise in- 
terpretations. Temperature and pressure are undoubtedly those 
existent in the mines today. (P= atmospheric, T==20° C.=.) 
exact chemical research has been conducted regarding the re- 
actions of silver oxidation and enrichment. The chemical char- 
acter of the active solutions may be inferred with some accuracy. 
The difficulties of this field of chemistry certainly are not in- 
superable; and, though many problems must remain for future 
solution, the sequence of the Chafarcillo veins offers excellent 
suggestions for their attack. 

The solutions formed during the oxidation of the veins are 
determined principally in composition by the barren sulphides. 
Pyrite, so important a mineral in this connection in many silver 
veins, is by no means a common constituent of the Chafarcillo 
lodes. Arsenopyrite, however, is prevalent and it is believed this 
mineral oxidizing may supply the sulphuric acid and ferric sul- 
phate inferred to be essential in silver enrichment. The acids of 
arsenic formed from arsenopyrite have been carried to an un- 
known end. Mixed with sulphuric acid and ferric sulphate at 
the vein outcrops are sodium chloride, iodide and bromide per- 
haps wind-blown from the sea. 

In the oxidized zone some of the ferric sulphate is removed, 
partly by its replacement of calcite as iron oxide, partly by hydrol- 
ysis due to the neutralization of sulphuric acid by calcium car- 
bonate. Some ferric sulphate no doubt remains, however, and 
this salt and the halides of soda constitute the important com- 
ponents of the downward moving solution. Native silver and 
argentite of the latest sequence under conditions as yet not elu- 
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cidated are formed from halides of silver in the upper oxidized 
zone. They are soluble in ferric sulphate (X., p. 13) and add 
silver sulphate to the solutions. If the solution contains appre- 
ciable amounts of NaCl (more than 34.3 gm. per liter) (X., p. 
19) the silver may exist in part in the solution as silver chloride. 
The great part of the halides of silver, however, are probably 
removed slowly from the oxidized zone as erosion proceeds by 
conversion first into native silver and by solution of this silver 
in ferric sulphate. 

In the deeper oxidized zone solutions of ferric sulphate and 
sodium chloride encounter native silver and dyscrasite persisting 
from the zone of enrichment. The ferric sulphate dissolves 
silver; but probably as the residual silver is plentiful much will 
be reprecipitated immediately by NaCl, NaBr or Nal, and thus 
cause the common replacement of native silver or dyscrasite by 
halides of silver. The equilibrium of halide and sulphate solu- 
tions of silver is as yet obscure; but probably the solubility of 
AgCl will be little affected by ferric sulphate. 

The halide radicals being fixed in this horizon, silver sulphate 
derived from the solution of silver by ferric sulphate is trans- 
ported downward to the zone of enrichment. Some of this silver 
is precipitated upon the reduction of ferric sulphate to ferrous 
sulphate (X., p. 26). Open fillings of silver are undoubtedly due 
to this cause. Upon solutions of high silver concentration calcite 
acts as a precipitating agent of native silver (IX., p. 372). Re- 
placements of calcite by silver are thus readily explicable in their 
rarity at Chafiarcillo. Hydrogen sulphide and alkaline sulphides 
are of doubtful efficacy as precipitants of the sulphides of the 
enriched zone; but metallic sulphides most certainly are active in 
the deposition not only of argentite and of more complex silver 
sulphides but of native silver from solutions of silver salts, prob- 
ably sulphate. Such reactions are mentioned in discussions of 
the chemistry of silver enrichment (IX., p. 38; X., p. 24); but 
the precise nature of the replacements observed in the Chafar- 
cillo veins are not at present known. Their further elucidation 
offers an attractive field of investigation for the future. 
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THE ECONOMIC IMPORTANCE OF SUPERGENE PROCESSES. 


The mining of the veins of Chafiarcillo has been greatly af- 
fected by the results of oxidation and enrichment. The methods 
of extraction of ore, the lack of miils for concentration of the 
valuable minerals and the long existent difficulties of transporta- 
tion to the metallurgical plants of Pabellon and Copiapd com- 
bined to limit mining to ore of high grade only. Lack of the 
rich ore bodies of supergene origin would, therefore, have im- 
peded the development of the district and would certainly have 
curtailed the remarkable profits obtained from the working of 
the bonanza ore near the surface. 

But little primary ore in the district has been developed or ex- 
tracted. In part this fact is due to the flows of water encoun- 
tered during deep exploration, in part to the universally acknowl- 
edged low grade of hypergene ores, which under former condi- 
tions of mining could not, in general, be worked at a profit. 

The contrast of these ore shoots to those in the enriched zone 
is, however, marked. The latter, though in many places narrow 
and of slight vertical extension, were mined often with great re- 
turns. Throughout the well-mineralized veins of the district stopes 
are to be found in the enriched zone. The availability of these 
ore shoots to mining has been due to the replacement of the pre- 
dominant primary sulphides, pearceite, proustite and pyrargyrite 
by argentite, dyscrasite and native silver. Though the ore shoots 
were unchanged by enrichment from their original size and shape, 
the silver content of the ores has by the replacements noted been 
increased from 25 to 80 per cent. Open filling by secondary min- 
erals has often caused further additions to the values. Thus 
tenors of 2,000 to 5,000 grams per metric ton (60-150 oz. per 
ton) of primary veins have become valuable commercial ore at 
perhaps 3,500 to 8,000 grams per ton. 

The replacements in the oxidized zone, however, were, where 
earlier silver minerals were affected, impoverishments. Losses of 
20 to 35 per cent. of silver content would have been caused if 
other factors had not entered. Replacement of calcite by oxi- 
dized silver minerals, and appreciable filling of cavities by these 
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minerals united not only to widen the veins and increase the 
horizontal and vertical continuity of the ore shoots but to raise 
the tenor of the ores. Veins were broadened from 1 meter to 3 
and more rarely 10 to 20 meters. Ore shoots were consolidated 
into bodies extending tens of meters vertically and 100 to 200 
meters horizontally. Ores were changed from a grade of 3,000 
to 5,000 grams per ton to contents measured in per cents. of 
silver. In this manner the oxidized zone became the horizon of 
bonanza of Chafiarcillo. 


THE FUTURE OF MINING IN THE DISTRICT. 


The exceedingly rich bodies of the superficial portions of the 
veins and the known ore shoots of high grade in the zone of en- 
richment have long been exhausted in the Chafiarcillo district. 
The probability of encountering further ore of remarkable tenor 
by exploration is slight. The Chilean miner is thorough and 
keen. His crooked drifts and cross cuts follow every fracture or 
veinlet, and his work once done can be but little improved with 
regard to the finding of ore. 

Present Gevelopment is confined to the search for primary ore 
in the deeper mines. The Delirio Mine is said to have found ore 
containing 1,500 to 2,000 grams of silver per ton upon the 600- 
meter level; but the lower levels of the mine are now flooded and 
are inaccessible. The Bolaco Viejo has at a much less depth (180 
meters) encountered a small body of rich primary ore. Few of 
the mines, however, have explored the deeper portions of their 
veins and the statement may merely be made that ore is known 
to occur in certain mines at horizons unexplored systematically 
throughout the district. 

Some hope seems to be held in Chile that with deep mining 
Chafiarcillo may return to her former richness. Upon geological 
considerations, this hope is unfounded. Due to economic causes, 
its realization will be at least long delayed. The installation of 
costly pumping equipment, the sinking of deep shafts, the high 
cost of mining at depths of 600 to 800 meters, and the difficulty 
of operating a concentrator in the district unite to discourage the 
attempt at development of low grade ore of unknown extent. 
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The possibility, however, exists that, with consolidation of the 
mining interests and with proper management conducting a con- 
servative system of exploration, bodies of ore may be discovered 
which will prove a sound basis for mining enterprise. 
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THE BARITE DEPOSITS OF MISSOURI. 
W. A. Tarr. 


INTRODUCTION. 


Missouri has for many years been one of the leading producers 
of barite, in fact, until 1916 her production exceeded that of any 
other state. “The production of Georgia has exceeded that of 
Missouri for the last two years. Through many of the past 
years, Missouri’s annual production was as much as 60 per cent. 
of the total for the entire United States. There are three main 
producing areas, one in the southeastern part of the state, mainly 
in Washington County, and known as the Washington County 
area; another in the central part of the state in Morgan, Miller, 
Moniteau, and Cole counties, and known as the Central district ; 
and a newly developed area in Franklin County (see Fig. 3). 

Since the war began there has been an increased demand for 
barite, not because new uses have been found for it, but because 
the supplies from Europe have been cut off. Of the production 
of barite 48 per cent. is used by manufacturers of paint, rubber, 
linoleum, and similar products. About 38 per cent. goes into the 
manufacture of lithopone, a brilliant white paint, and the re- 
mainder into the chemical industries. The increased demand for 
barite has greatly stimulated the mining of the mineral, not only 
in Missouri, but also in other states. The writer spent most of 
the summer of 1916 and 1918 studying the barite deposits of 
Missouri and since his conclusions as to the origin are different 
from those formerly held, it was thought that they would be of 
interest to other students of mineral deposits, especially so, since 
they have a bearing upon the origin of the lead and zinc deposits 
of Missouri’. The recently developed Franklin County area was 


1A detailed report by the writer on the “ Barite Deposits of Missouri” is 
published as No. 1, Vol. III., University of Missouri Studies, University of 
Missouri, Columbia, Mo. 
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Fic. 3. Map of Missouri showing the location of the chief barite producing 
areas. 


not visited by the writer but he is informed by Mr. M. E. Wilson, 
Assitant State Geologist of Missouri, that the deposits are res- 
idual. The discussion and conclusions in this paper are based 
on the two larger districts mentioned first. 


GEOGRAPHY OF THE BARITE AREAS. 


The southeastern district is located on a plateau to the north 
of the St. Francois Mts. This area is maturely dissected, the 
only flat areas being those along the larger streams. The aver- 
age relief is about 200 feet. The ridges are very narrow, often 
too narrow for a road. The area is drained by the Big River, 
which receives many small tributaries in its course through the 
territory. Many of the streams are fed by springs of consid- 
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erable size, although, on the whole, springs are far less numerous 
than one would expect in an area underlain by carbonate rocks. 

The present drainage system has cut downward into the pene- 
plain which was developed in this region during Tertiary and 
perhaps older times. Evidences of this peneplain are to be seen 
in the even crests of the higher ridges of the area, and in the 
truncation of the underlying formations. The uplift which 
started the streams upon another cycle of erosion probably came 
during the Pliocene. 

The Central district lies on the northern slope of the Ozark 
plateau. This slope is much dissected at the present time, the 
region being at maturity in its topographic development. ‘The 
Osage River cuts through the area from the southwest to the 
northeast and in doing so has cut deep enough to expose the older 
formations which are the chief producers of barite. At a dis- 
tance from the river the relief is much less and as a result the 
uplands in this area are excellent for agricultural purposes. 


GEOLOGY. 
GENERAL STATEMENT 


As the geology of the two areas is different, the geologic data 
for each will be summarized separately. The formations in both 
areas belong to the Paleozoic, while the ore-bearing horizons are 
in the older Paleozoic. The exact age of the various formations 
is not certain because the faunal evidence from most of the mem- 
bers is very meager. 


GEOLOGY OF THE WASHINGTON COUNTY DISTRICT. 


All the formations of the region are of Cambrian and Ordo- 
vician ages. They begin with the Elvins, which includes the 
Davis, Derby, and Doerun members as described by Buckley.” 
Above this in order come the Potosi, Proctor, Gasconade, and 
Roubidoux formations. The entire group is in what Ulrich has 
called the Ozark Series. This series included the upper part of 


2 Buckley, E. R., “ Geol. Dis. Lead Deposits of St. Francois and Washing- 
ton County, Mo.,” Mo. Bur. of Geol. and Min., Vol. 9, pp. 33-40, 1908. 
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the Cambrian and the lower part of the Ordovician, but the 
writer believes from his recent studies that the line between these 
two periods should be placed at the top of the Proctor dolomite. 
There is strong evidence of a marked unconformity at the top of 
this member. 

The formations are largely dolomite, although some contain 
shale, sandstone, chert, and a little conglomerate. There is 
practically no limestone in the entire group. Fossils are very 
rare, and since there is a great deal of lithologic similarity among 
the formations, differentiation is extremely difficult. The posi- 
tion of the boundaries will depend largely upon the familiarity 
of the observer with the formations involved. 

The Elvins formation consists of dolomite, shale, conglom- 
erate, and some sandy, glauconitic dolomite. The formation has 
a very limited distribution in the area and is not associated with 
the barite deposits. Fossils found in some of the beds near the 
top were identified by Mr. D. K. Greger as belonging to the 
faunas of the upper Cambrian. 

The Potosi formation covers about one half of the area in the 
barite district. Its weathering has produced a thick residual 
mantle rock of dark red clay, containing in its lower portion the 
residual barite which furnishes practically all of the production 
of the area. The best agricultural lands are also found in those 
areas underlain by the Potosi dolomite. In most places it is 
about 300 feet thick, but in some parts of the area it has a thick- 
ness of 100 feet to 150 feet. There are stratigraphic reasons for 
believing that this reduced thickness is due to faulting and ero- 
sion in pre-Proctor times. 

The formation is a dolomite from top to bottom and contains 
in addition much chert, drusy quartz, and chalcedony. The 
dolomite is crystalline throughout, preserving a remarkable uni- 
formity in the size of the grains. The Potosi is very similar to 
the Proctor in this respect. The predominating color is light 
bluish-gray, but there are also dark grays, buffs, etc. It is mas- 
sively bedded. The following analysis by Mrs. W. A. Tarr 
shows that it is a pure dolomite. 
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There is an abundance of chert in the dolomite, occurring 
mainly as nodules and masses two and three feet in thickness 
and several feet long. It was not observed in beds in any part 
of the formation. The great amount of drusy quartz in the 
Potosi is a distinctive feature of the formation and usually serves 
to distinguish it from the Proctor, which is free from this min- 
eral. The drusy quartz occurs as honey-combed masses two feet 
or more in thickness and several feet in length. There are also 
veins of this mineral in the dolomite. The quartz and chalce- 
dony were deposited in alternate layers, sometimes as many as 
forty to fifty in an inch. Some barite is found in small cavities 
and replaces the dolomite. 

The Proctor is so strikingly like the Potosi that little need be 
said about it. It ranks next to the Potosi in areal extent. Un- 
like the latter, however, it is practically free from chert or quartz. 
It contains a great many cavities, which may contain barite in 
those parts of the area where the veins are found, but are usually 
lined with small crystals of dolomite. The Proctor has a rather 
persistent thickness of about 100 feet. Analyses show that it is 
as pure a dolomite as the Potosi. No fossils have been found in 
the formation, but because of the uncomformity at the top, and 
the occurrence of lower Orovician fossils in the bottom of the 
Gasconade, it is believed to be of upper Cambrian age. 

The Gasconade formation has a l:mited areal extent and is 
very poorly exposed. It consists of dolomite, sandstone, shale, 
and chert. The dolomite is often shaly or sandy while all of the 
beds contain much chert. The chert is often oolitic. All of the 
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members show structural features produced in shallow waters. 
Fossils found in the formation indicate its lower Ordovician age, 
according to Mr. D. K. Greger. 

The Roubidoux formation in this area is represented by a 
conglomerate sandstone. It has an areal extent of less than a 
square mile and need not be considered further. 


STRUCTURE. 

Structurally the area is very simple, the formations dipping to 
the northwest and departing from that direction in very few 
places. There are some monoclinal folds in the northern part 
of the area and a small faulted block in the central part. The 
displacement is over 100 feet in places and occurred after the 
mineralization. Where exposed, the rocks show many joints, 
but the opportunities for studying them carefully are limited. 


GEOLOGY OF THE CENTRAL DISTRICT. 


The rocks of this district belong to the Cambrian (Proctor), 
Ordovician (Gasconade, Roubidoux, Jefferson City, and St. 
Peter), Mississippian (Burlington), and Pennsylvanian systems. 
Throughout the region these formations are essentially hori- 
zontal, the only dip being to the northwest. A few small faults 
occur in the area. The barite is found especially in the Ordo- 
vician members, therefore the following brief description relates 
to these members. 

While there are many differences in the members, they are all 
composed of dolomite, sandstone, shale, and chert. The dolomite 
greatly predominates over the other kinds of rocks. It has a 
wide range in crystallinity and color as well as in composition. 
The chert occurs as nodules and as beds in the dolomite. The 
sandstone is especially abundant in the Roubidoux formation brt 
does not present any features of interest in regard to the barite 
deposits. Throughout the area the beds show abundant evi- 
dences of being shallow water deposits. 
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OCCURRENCE OF THE BARITE. 


There are four modes of occurrence of the barite, but all are 
not of equal economic value. They will be discussed according 
to their genetic relatiouship rather than according to their eco- 
nomic importance. There are four characteristic types: (a) 
veins; (b) disseminated deposits; (c) sink hole or cave deposits ; 
and (d) residual deposits. The last type furnishes the larger 
part of the production, the sink hole deposits ranking next. 


VEINS. 


Few veins are worked and none are worked for their barite 
content alone, but for the lead and zinc they contain, the barite 
being a by-product. 

The veins range in size from mere films of barite up to two 
feet or more in width. They are poorly exposed because of the 
thick residual mantle of clay covering the producing areas. The 
length of the veins is unknown, but judging from the distribu- 
tion of the residual barite. they are fairly persistent. Their 
depth is unknown. Some lead and zine veins have been mined 
down 250 feet and the barite is the most abundant gangue min- 
eral at that depth. The majority of the veins strike roughly 
north and south. 

When only barite is present in the vein it is massive with 
numerous vugs lined with crested barite. The crested barite 
always develops when it grows into open spaces. When the 
veins contain the commonly associated minerals, quartz and 
chalcedony, pyrite and marcasite (largely limonite in the residual 
material), and galena and sphalerite, there is always a definite 
order of deposition. The first mineral deposited is the chalce- 
dony, then quartz in alternating layers but always ending with 
drusy quartz in crystals from I mm. up to a centimeter across, 
then the pyrite or marcasite, followed by galena and sphalerite. 
practically simultaneously, and lastly the barite. Some of the 
minerals may be missing but the order is still the same minus 
those not developing. The veins are always banded or crustified 
when more minerals than the barite are present, the barite being 
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Fic. 4. Map showing contact of Proctor and Potosi dolomites and relation- 
ship to barite deposits in Washington County, Missouri. 
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the last mineral deposited and filling the remaining space. 
Rarely, a little chalcopyrite may be deposited after the barite. 

The veins are generally filled fissure veins and rarely are of 
the replacement type. 

In a few places fault breccias have been cemented with barite, 
the open spaces in the breccia furnishing an excellent place for 
deposition. 

The veins are the most widely distributed, geologically, of any 
of the deposits, occurring in formations from the Potosi dolomite 
to the Jefferson City. However, they are most abundant in the 
Potosi and Proctor with the Gasconade (in the Central district) 
ranking next. The accompanying map of the Washington 
County area (Fig. 4) has the contact of the Potosi and Proctor 
drawn on it, and it will be noted that the barite deposits are ad- 
jacent to this line, in other words, the barite occurs near the top 
of the Potosi and the base of the Proctor. 

The veins in the Central district are very rich in sphalerite and 
contain some lead. The barite occurs as the last mineral de- 
posited. It is saved as a by-product, or it and the sphalerite are 
mined together and sold for the manufacture of lithopone. 


DISSEMINATED DEPOSITS. 


The disseminated deposits are confined mainly to the Washing- 
ton County area, very few being observed in the Central district. 
They are found mainly in the Potosi and Proctor dolomites. 
The barite occurs in small masses from an inch or two across 
downward, either filling the numerous small cavities in the dolo- 
mite or replacing it. The disseminated material is more abun- 
dant near the veins, showing a genetic relationship to the veins. 


SINK HOLE OR CAVE DEPOSITS. 


In the central district where this type is most common there 
are many deposits of large size in the various formations. They 
have the form of vertical pipes, ranging in diameter from 50 to 
300 feet across. The original openings were evidently sink 
holes since they have vertical walls and are filled with blocks of 
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dolomite (and rarely limestone) lying at all angles. The barite 
was deposited between these boulders, acting more or less as a 
cement for the breccia. In places tension joints have developed 
in the walls parallel to the sides of the cavity and barite was 
deposited in them. They die out upwards. The barite may be 
two feet thick in some of these openings, while those several 
inches wide are common. 

The richest ore occurs in the outer part of the sink hole. As 
a result the outer ten feet of the deposit may be worked out first, 
leaving the low grade material in the center. Galena and sphal- 
erite, especialy the former, may occur with the barite. Fine 
large crystals may occur in these deposits. 

The sink holes were apparently developed in post-Paleozoic 
times as they sometimes contain blocks of Mississippian lime- 
stone and Pennsylvanian shale. Sometimes they contain chert 
and quartz as residual material from the surrounding forma- 
tions. The formations around them are nearly hoizontal. 

Important producing areas of this type occur northwest of 
Bagnell in Miller County, and around Eugene, Henley, and 
Centertown in Cole County, with other mines in Morgan, Benton, 
and Moniteau Counties. 


RESIDUAL DEPOSITS. 


More than 95 per cent. of the production comes from the 
residual type of deposit. The barite occurs scattered through a 
deep red, plastic clay, more or less mixed with chert and drusy 
quartz (known as “moory” among the barite diggers). It 
occurs from the surface down to depths of 20 feet. When found, 
it lies rather persistently along one horizon, save in the deepest 
deposits, where it consistently follows what the miners term 
“leads,” which are evidently nothing but the weathered portions 
of veins. Once a good lead is found, it is followed tenaciously 
as it usually contains the cleanest and largest masses of barite. 

In the outlying districts where the long wagon haul prohibits 
mining unless the price is high, much fine barite was seen on the 
surface in the fields. With barite at $5.00 per ton this material 
was finding its way into the market. 
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The plastic red clay in which the barite occurs was derived 
from the weathering of the dolomite, as were also the barite, 
chert, quartz, etc. After allowing the barite to dry for a day or 
so, this clay is readily removed by shaking the barite in a rattler, 
which is a box with a perforated bottom. This box is on rock- 
ers, or an axle, or even on two uprights so that it may be shaken 
back and forth readily. 

The barite in the clay was derived from the weathering of the 
dolomite, thus permitting the accumulation of the insoluble 
barite. Residual deposits then are dependent upon the occurrence 
of the other types of deposits in the dolomite. The residual de- 
posits in the southeastern districts are found exclusively in the 
clay over the Potosi and Proctor, while in the Central district 
they occur most abundantly over the Gasconade formation, but 
are also found over the Roubidoux and Jefferson City forma- 
tions. The location of the producing areas is given on the ac- 
companying map. Important areas in Washington County are 
around Potosi, Mineral Point, Shibboleth, and Old Mines; near 
Kingston on Mineral Fork; east and northeast of Richwoods; 
around Fletcher; and on Hazel Creek about 20 miles southwest 
of Potosi. 


CONCENTRATION OF THE BARITE BY WEATHERING. 

The present workable deposits of barite owe their origin to 
concentration through the ordinary processes of chemical weath- 
ering aided by mechanical weathering. The barite is very in- 
soluble in ordinary groundwaters, while the dolomite in which it 
occurs, is, relatively speaking, readily soluble. Other insoluble 
constituents of the dolomite are kaolin, iron oxides, chert, and 
quartz; and it is these constituents which are concentrated to 
form the mantle rock in which the barite occurs. 

Wherever the dolomite is exposed, mechanical processes, espe- 
cially temperature changes, break up the rock, thus enabling the 
groundwaters to attack it. As the waters in this region are car- 
honate in character the dolomite is dissolved leaving the insoluble 
constituents to form the mantle rock. Where mechanical erosion 
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does not remove these insoluble materials too rapidly, a thick 
mantle of residual clay develops. The occurrence of the barite 
deposits on the gentle slopes shows that active erosion is suffi- 
ciently slow to favor the accumulation of the barite in such areas. 

The dominant movement of the groundwater is along the con- 
tact of the dolomite with the clay. The miner recognizes this 
by avoiding going down to bed rock where water is found. The 
dolomite at the contact is a loose mass of coarse grains of dolo- 
mite (called “sand rock” by the “tiff” digger), the smaller 
crystals having been removed first. A few inches below, fresh, 
unaltered dolomite occurs, showing the low permeability of the 
rock. Thus through solution the dolomite is removed and the 
barite concentrated along with other insoluble materials in the 
rock, 

That the barite in the residual deposits was derived from the 
dolomite and not formed by the concentration of minute traces 
of barium in the rock is proved by the following evidence. 

1. When the veins are exposed, the barite in them is identical 
with that in the clay. This is absolute proof. 

2. Many pits sunk to the dolomite have followed the barite 
down to the underlying vein. 

3. The barite and quartz in the clay show casts of dolomite, 
which has since been removed by solution, leaving the barite 
unaltered. 

4. The breccias cemented with barite are also proof of this 
original association. 

5. The rude linear distribution of the barite suggests deriva- 
tion from veins. 

6. The fact that the barite still retains the pyrite (usually 
limonite now) or quartz on which it was deposited is proof that 
it-came from the veins, for the order is always the same as in 
them. 

7. That the barite, quartz, chert, etc., developed in the clay is 
improbable for the following reasons: (a) the clay is very im- 
pervious, (b) there is no evidence of enlargement or growth of 
the barite, (c) the barium salts would probably be absorbed by 
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the clay, which has this tendency, (d) it is very unlikely that the 
order of deposition, namely quartz, pyrite, barite, as it is in the 
veins would have been the same if deposition had taken place in 
the clay. 

ORIGIN OF THE BARITE. 

The concentration of the barite in the residual clay can be 
accounted for by chemical and mechanical weathering. The 
origin of the barite in the dolomite is the real problem. There 
are two views on the subject at the present time; one, that the 
barium was concentrated from the surrounding rocks and de- 
posited in the veins, caves, and clay; and the other, that the 
barite was deposited in these places by solutions rising from 
deep-seated sources. 

Most men regard the majority of cur metallic ore deposits as 
of magmatic origin; but they hold that the non-metallic deposits 
are due to concentration by meteoric waters. -Barite is in the 
latter class. Watson, Hayes, Phelan, Stose, Warren, Winslow. 
Buckley, Bell, Smith, W. S. T. Smith, and Dickson have all advo- 
cated this view for the various barite deposits in the United 
States.* 

OBJECTIONS TO THE CONCENTRATION OF THE BARITE FROM THE 
SURROUNDING ROCKS. 


The writer does not believe that the Misouri barite deposits 
were formed through the concentration by meteoric waters of 
small quantities of barium disseminated through the surround- 
ing rocks. The objections to this view are briefly as follows: 

1. There is no adequate source of the barium. 

A careful search through the published literature on the anal- 
yses of sedimentary rocks failed to show that barium is a com- 
mon constituent of them. Clarke* gives the average content of 
78 shales as .05 per cent. of BaO; of 253 sandstones as .05 per 
cent., while 345 limestones showed no barium content. A com- 
posite analysis of 498 building limestones also showed none. 


3 See author’s detailed paper for summaries of these men’s views. 
4Clarke, F. W., Data of Geochemistry, Bull. U. S. G. S. no. 616, pp. 27-34. 
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Winslow® gives the following analyses by J. D. Robertson. The 
average of five analyses of magnesian limestones (really dolo- 
mites) of Cambrian and Ordovician age was .0024 per cent. of 
BaSO,. Average of nine analyses of Mississippian limestone 
was .0027 per cent. of BaSO,. The writer was unable to con- 
firm these analyses, for though very careful qualitative tests on 
the Potosi, Proctor, and Gasconade dolomites were made, no 
trace of barium was found. 

Some other analyses showing barium in limestone were found 
in the literature but there is much doubt as to whether the barium 
was not introduced into the rocks by hot solutions from igneous 
rocks in most of these instances as is the case of the limestone at 
Leadville, Colo., and in the fluorspar region of Illinois and Ken- 
tucky. Evidently limestone and dolomites are largely free from 
this element. It is more common in shales and sandstone, how- 
ever, but these rocks are not closely associated with the barite 
deposits of Missouri. 

On the other hand, all igneous rocks show notable quantities 
of barium and many minerals in them contain considerable quan- 
tities of it. The hundreds of analyses of igneous rocks show 
this. Clark gives the average content as .102 per cent. of BaO. 
Furthermore, barite is a very common gangue mineral in a great 
many ore deposits which are of undoubted magmatic origin; 
therefore, magmatic solutions must be adequate transporters of 
the element. This would favor any view which looked to the 
igneous rocks as a source of the barium. 

2. Insolubility of barium salts in ordinary groundwaters. 

The ability of groundwaters to transport barium depends upon 
their solvent power and their ability to penetrate the rocks. 

Solubility of Barium Salts—Barium sulphate is the most in- 
soluble salt of barium that occurs in the rocks. Its solubility is 
generally stated as I part in 400,000 parts of water. Carbonated 
waters would certainly increase this solubility, but how much is 
unknown. That it is relatively unimportant is shown by the 


5 Winslow, A., “The Lead and Zinc Deposits of Missouri,” Mo. Geol. Sur., 
Vol. 7, pp. 480-481, 1894. 
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entire lack of solvent effects of the water on the barite at or near 
the surface. Leaching has been reported but careful examina- 
tion by the writer showed that many surface specimens still re- 
tained perfect imprints of the dolomite crystals to which the 
barite had been attached. It is doubtful whether barium exists 
in the rocks in the form of the carbonate. If so, why is it not 
found in analyzing them? 

Very strong brines have been known to transport barium salts, 
but the presence of such solutions in the formation of any of the 
Missouri deposits is improbable. 

Aside from their scarcity, the great insolubility of all barium 
salts would prevent their transportation by any groundwater 
solution. 

Impermeability of the Rocks—The dolomites as a class are 
impermeable rocks. They contain many small cavities and sim- 
ilar openings, but these are unconnected. ‘The actual permeabil- 
ity is probably about .5 per cent. and it is this which controls the 
circulation of the water. The main circulation is along the 
larger divisional openings, the joints, cracks, fissures, and bed- 
ding planes. The unaltered character of the rocks close to the 
larger joints is proof that the water does not soak very far into 
the dolomite. The writer has found fresh sulphides within 
half an inch of a joint. The fresh character of the rock near 
the surface was noted above. With the restricting of the action 
of the groundwater to the divisional openings, its adequacy to 
concentrate minute amounts of barium (should they be present) 
is greatly limited. The dolomites show remarkably few evi- 
dences of actively circulating waters. 

3. Deposition of the barite. 

If the barium was transported as the sulphate, there would be 
no need to seek for the source of the sulphate radical. However, 
since the great insolubility of barium sulphate in groundwaters 
precludes such a means of transportation, a source of the sul- 
phate radical in the rocks must be sought for. 

The pyrite or marcasite in the veins did not furnish the sul- 
phate because the barite is deposited on them, hence always after 
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them, and also after the galena and sphalerite. Furthermore, 
much of the barite was deposited without any sulphides asso- 
ciated with it. As no sulphides are found in the country rocks, 
an adequate source for the sulphate radical is not evident under 
this hypothesis. It is impossible to look to the transporting 
solution for the sulphate radical since its presence would mean 
the precipitation of the BaSO, at once. On the whole, no ade- 
quate source seems evident. 


SUMMARY OF OBJECTIONS. 


The barite deposits of Missouri are not believed to have been 
derived from the surrounding rocks by groundwaters, because 
(1) carbonate rocks are practically free from barium, qualitative 
tests showing none or only traces; (2) the waters in such rocks 
are dominantly carbonate waters which are poor solvents for 
barium salts; (3) the rocks of the region are of a low perme- 
ability, save along the divisional planes where the solvent activity 
is confined to immediate walls; and (4) there does not appear to 
be an adequate source for this sulphate radical. 

Since the minerals, notably quartz, chalcedony, pyrite, mar- 
casite, galena, and sphalerite are also found in the deposits, a 
similar source must be sought for them and the same objec- 
tions, in part at least, apply here. It should be noted that the 
various minerals must always be removed from the country rock 
and deposited in the same order in all parts of the area, a task 
that would be quite difficult even for groundwaters. When the 
factors regarding the concentration of the barite are considered 
in connection with the facts regarding the source, transportation, 
and depositon of ali the minerals in the veins, the correctness of 
the view that they were derived from the surrounding rocks is 
doubtful. 

DEPOSITION FROM RISING SOLUTIONS. 


The view that the barite was deposited by solutions probably 
derived from igneous rocks below, may be applied to these de- 
posits. Such solutions are thought to have been hot, although 
the temperature was probably less than 200° C., since deposition 
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took place near the surface. The deposits would be classed 
among the shallow vein zone deposits, as defined by Lindgren. 

That such a view is fully in accord with the facts is shown by 
the very common occurrence of barite as a gangue mineral in 
deposits of magmatic origin. Many times barite greatly pre- 
dominates over all other minerals and the deposits may even be 
mined for barite alone. Examples of such veins are at Aspen, 
Colo., the barite veins at Freiberg, Germany, and those in the 
irzgebirge, Saxony. These occurrences of barite as an abundant 
gangue mineral prove that barium can be transported as the sul- 
phate in hot magmatic solutions, and, of course, quartz, chalce- 
dony, pyrite, galena, etc., are common minerals in such magmatic 
veins. 

The discussion of the deposition of the barite by rising hot 
solutions includes a study of the mode of occurrences of the de- 
posits, the mode of ingress of the solutions, the source of the 
solutions, and the time of mineralization, with the presentation of 
corroborative evidence. 


MODE OF OCCURRENCE, 


The various types of deposits are given above. In the main, 
the vein and the disseminated deposits are either cavity fillings or 
replacement deposits, or a combination of both. 

The paragensis of the minerals is always the same whenever 
all the minerals are present. The order is (1) quartz and chal- 
cedony, (2) pyrite or marcasite, (3) galena and sphalerite, (4) 
barite. Numbers two and three, or one, two, and three may be 
absent, but the order holds when two or more are present. 
Chalcopyrite is rarely present but when it is, it appears to be of 
the same age as the galena and sphalerite, but may be later. This 
group of minerals is a common one in deposits in other regions, 
the order being generally the same. 

That replacement occurred is shown by the irregular contact 
of some of the barite and the dolomite, or of the quartz and dolo- 
mite. The surface is the typical concave-convex surface which 
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Irving’ cites as evidence of replacement. Stringers of barite 
connect smaller areas to the larger masses. Often these stringers 
pinch out in a few inches or a few feet. Replacement is not so 
common in the Central district, rarely occurring along the fissures 
and sinkhole walls. The filling of solution cavities and fissures is 
the dominant type of deposit in this district. 


INGRESS OF THE SOLUTIONS. 


In the Washington County area the restriction of the barite to 
the upper Potosi dolomite and to a minor extent to the base of 
the Proctor shows that the solutions came from below. It was 
found that the Potosi dolomite had been faulted and eroded 
before the deposition of the Proctor and the solutions are be- 
lieved to have come upward along these fault planes and spread 
out along the contact of the Potosi and Proctor. The impervious- 
ness of the latter formation prevented its passage upward and the 
partly filled solution cavities at the top of the Potosi and the 
porous masses of drusy quartz in it aided in the spreading out 
of the solutions. That the deposition antedated the last period 
of faulting is shown by the barren character of these fault planes, 
and the barren Elvins dolomite opposite the productive Potosi 
dolomite from which it is separated by a fault plane. 

In the Central district the solutions found their way upward 
along fractured zones as at the Blue Jacket mine, in Cole County, 
and along the walls of the sink holes. The iatter have been 
especial seats of movement and deposition. 


SOURCE OF THE SOLUTIONS. 


The solutions are believed to have been derived from a deep- 
seated igneous mass. The hot solutions rose along faults, fis- 
stires, or solution cavities until a place favorable for deposition 
was reached where the lowered temperature and possible reac- 
tions with meteoric waters induced deposition. The solutions 
probably contained lead, zinc, iron, silica, carbon dioxide, hydro- 


6 Irving, J. D., “ Replacement Ore-bodies and the Criteria for their Recog- 
nition,” Econ. GEox., vol. 6, p. 649, IQIT. 
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gen sulphide, the sulphate radical, and not improbably chlorides. 

The barite, marcasite, and possibly chalcedony are the only 
minerals of diagnostic value. The barite according to Lindgren 
and W. H. Emmons is characteristic of moderate and shallow 
deposits. Marcasite is deposited near the surface and at rela- 
tively low temperatures.* 

The chalcedony is also a shallow vein mineral and is further 
evidence of deposition near the surface. The closing stages of 
deposition were marked by an abundance of the sulphate radical 
and of barium. 

In the Central district similar conditions prevailed. However, 
the solutions rose to formations stratigraphically higher than in 
southeastern Missouri, but deposition occurred in solution cavi- 
ties and fissures in the same manner as in the other dictrict. 


TIME OF MINERALIZATION. 


The time of mineralization is difficult to place because forma- 
tions younger than Pennsylvanian rocks are not found in any of 
the areas. The ores in the Washington County district do not 
occur above the Proctor dolomite (Cambrian). In the Central 
district, they are formed at the top of the Jefferson City forma- 
tion (Ordovician) and the sporadic occurrences of barite in the 
Pennsylvanian were probably formed at the same time, so the 
date is at least late Paleozoic. 

The mineralization really occurred, then, sometime after the 
Ordovician and probably after the Pennsylvanian. That there 
has been a movement of igneous rocks in post-Ordovician times 
is shown by the pegmatitic mass cutting Ordovician rocks in the 
southern part of the Central district. How much later than the 
Ordovician times this movement occurred is unknown. The 
writer suggests that this movement was probably in Cretaceous 
times. This would accord with the age of the igneous rocks near 
Little Rock, Ark., which are believed by Branner to be late Cre- 

7 Allen, R. J., Crenshaw, T. L., Johnson, J., “ The Mineral Sulphides of 


Iron with a Crystallographic Study,” by E. S. Larsen, Am. Jour. Sc., 4th 
Ser., vol. 33, pp. 189-236, 1912. 


THE BARITE DEPOSITS OF MISSOURI. 65 
taceous or early Tertiary. It is not improbable that the other 
metallic deposits of Missouri may be connected with the same 
period of igneous activity, as the writer hopes to show in a future 
paper. 

CORROBORATIVE EVIDENCE. 


In the study of the Missouri deposits, many features have been 
determined which are not described in previously published ac- 
counts of barite studies. These facts led to a careful study of 
the literature on barite in order to determine to what extent other 
deposits of barite belonged to the class of deposits made by con- 
centrating the material from the surrcunding rocks and to what 
extent they possessed characteristics of those deposits known to 
owe their origin to igneous rocks. 

This study showed that barite is characteristically a late min- 
eral in veins deposited from hot solutions, a feature which is char- 
acteristic also of barite veins in areas where they are believed to 
be deposited by meteoric waters. 

The associates of barite in hundreds of its deposits are such 
common minerals as galena, sphalerite, and pyrite, while quartz, 
calcite, dolomite, marcasite, chalcopyrite, fluorite, and siderite are 
quite common. A large number of barite deposits occur in igne- 
ous or metamorphic rocks, where the likelihood of lateral secre- 
tion explaining their origin is very remote. 

Lindgren® cites as characteristics of shallow deposits, the fill- 
ing of open fissures, crustification, splitting and chambering, and 
short and irregular veins. Deposition below impervious beds is 
often noted. These features and the mineralogy as given by him 
are similar to that of the Missouri barite deposits. On the whole, 
the evidence strongly favors the view that they are of the shallow 
vein types and were deposited by rising solutions. The occurrence 
of the pegmatitic vein in the Central district proves that there 
have been movements of igneous rocks in geologic times fully as 
late as the chief period of deposition. 

That the Missouri ore deposits were of igneous origin had been 
the writer’s view ever since he began to study them in detail and 
he was glad to see Professor Pirsson’s suggestive communication 


8 Lindgren, W., “ Mineral Deposits,” pp. 432-430. 
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to Economic GEoLocy® since it indicated that others aeld the 
view that igneous activity does not need to manifest itself at the 
surface to prove its presence. 

As to the source of the barium, magmatic waters would be far 
better solvents and carriers of the metal than groundwaters. 
Furthermore, the igneous rocks would furnish an adequate source 
for the barium, which does not enter into the silicates in more 
than small amounts, but goes with the magmatic waters instead. 
The writer believes that the barium for the Missouri barite de- 
posits came from the underlying igneous rocks. 


BARITE DEPOSITS OF THE UNITED STATES. 

Only a brief statement of the points bearing on the origin of 
the Missouri deposts, obtained from a study of the deposits in 
other parts of the country, will be given. 

While a large portion of the barite production comes from 
residual deposits, in practically every area the evidence favors 
their derivation from previously existing deposits. Virginia. 
Kentucky, Tennessee, North Carolina, and Georgia have deposits 
directly associated with fissures. In some instances the fissures 
are filled with barite which has been followed downward for 100 
or more feet. Future development will indicate to what extent 
these deposits continue downward. 

In other instances the veins of the barite cut metamorphic and 
igneous rocks, as in North Carolina, in which case an igneous 
origin can hardly be doubted. In southwestern Virginia lead 
and zinc are associated with the barite, an association which the 
writer believes favors a magmatic origin. 

In the western part of the United States barite veins are known 
to occur in several places and are always in igneous rocks or near 
them. <A large number of veins are known in Canada, mostly in 
metamorphic or igneous rocks. 

These veins are usually very strong and persistent. They are 
generally a few feet across but may be 50 or 75 feet. Their 
length is unknown because of insufficient development work. 


® Pirsson, L. V., “ Origin of Certain Ore Deposits,” Econ. GEot., vol. 10, 
pp. 180-188, 1015. 
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While not seeking to explain all barite deposits as of magmatic 
origin, the occurrence of the mineral in persistent veins in more 
or less faulted areas associated with the common sulphides in 
sedimentary, metamorphic, and igneous rocks in many parts of 
the United States is compatible with the view that the Missouri 
deposits are due to the magmatic waters. That a similar origin 
for many other deposits of barite is within the range of possi- 
bilities is not improbable and is as readily assumed. 


CONCLUSIONS. 

Evidence has been cited to show that barium is a far more 
common element in igneous rocks than in sedimentary rocks. A 
discussion of the adequacy of the groundwater solutions to con- 
centrate and bring about the deposition of the barite in Missouri 
led to the conclusion that such an origin was improbable. 

A similar review of the evidence favoring the view that barite 
has been deposited by rising thermal solutions which derived 
their barium and other mineral content from deep-seated igneous 
rocks seems to be more favorable as an explanation of the origin 
for the following reasons. 

(a) The mineral association and paragensis of the minerals is 
more characteristic of veins of igneous origin than of those de- 
posited by groundwaters. 

(b) The confinment of the bafite deposits to one horizon is 
more easily explained by its having been deposited by rising solu- 
tions than by descending solutions. 

(c) The ability of rising thermal solutions to transport barium 
is much greater than that of descending solutions. 

(d) The igneous rocks afford an adequate source for the 
barium. 

(e) Barite is a common gangue mineral in association with 
shallow vein deposits, especially of lead and zinc. 

Furthermore, a review of the deposits of barite in other areas 
indicates that a large number of them show strong proof of 
igneous origin, which is merely corroborative evidence of the 
possible igneous origin of the Missouri barite deposits. 








EXPERIMENTS RELATING TO THE ENRICHMENT 
OF TUNGSTEN ORES. 
R. W. Gannett. 
INTRODUCTION. 

The purposes of this work were: first, to determine the effects 
of various solutions such as are found in ground waters on tung- 
sten minerals; second, to determine what natural reagents might 
precipitate tungsten from solution. Though there are many 
other tungsten minerals, only scheelite and minerals of the wol- 
framite series (ferberite, wolframite, and hiibnerite) are con- 
sidered, for these are the only commercial ores. 

The subject matter of this paper presents: Data obtained from 


the leaching of tungsten minerals, data obtained from precipi- 
tating tungsten from solution, interpretations of the data. 


THE LEACHING OF TUNGSTEN MINERALS. 


The object of the leaching experiments was to determine the 
effect of various solutions, resembling ground waters, on the 
tungsten minerals. 

The solutions prepared for use in the experiments are such as 
are found in ground waters. Solutions approximately tenth nor- 
mal, or their mixtures, were used, except in cases where the solu- 
bility was too low or where it was impracticable, as with CO, 
and humic acids. The solutions used were: Sulphuric acid, cal- 
cium sulphate, sodium sulphate, ferrous sulphate,’ ferric sul- 
phate,| manganous sulphate, carbonic acid, sodium bicarbonate, 
calcium bicarbonate, hydrochloric acid, sodium chloride,’ ferric 
chloride,? manganous chloride, sodium hydroxide, humic acids. 

The calcium sulphate was made by adding powdered gypsum 
to water and heating. The carbonic acid was water into which 

1 With a little H.SO, to prevent hydrolysis. 

2 With a little HCl to prevent hydrolysis. 
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CO, was passed. The humic acid solution was made with peat 
from a bog twenty miles north of Duluth, Minn., which contained 
little or no lime. The peat was obtained through the courtesy of 
Dr. F. J. Alway, of the Department of Agriculture, University 
of Minnesota. The humic acids were made by filtering water 
through the peat in a large twelve-inch funnel. The solution was 
cloudy and of a brownish yellow color. It contained no chlorides, 
sulphates, iron or lime. 

The scheelite used was from Sierrade, Province of Rioja, Ar- 
gentine Republic. It was a nearly pure crystal, light yellow 
brown in color. The ferberite was mill concentrates from 
Primos, Col. It contained practically no manganese. The wol- 
framite was from Lead, S. D., and was rather impure, contain- 
ing 8 per cent. of silica. It has a ratio of iron to manganese as 
6 to 1. The material from Lead is generally referred to in the 
literature as wolframite, and is so designated in this paper, al- 
though it is near the somewhat arbitrary line that has been drawn 
to separate wolframite from ferberite, being a little nearer fer- 
berite than wolframite, as these species are defined by some 
writers. 

The specimens of ferberite, wolframite, and scheelite were 
ground to pass a 100-mesh sieve. About I gram was weighed 
out in a test-tube, and into this 40 cubic centimeters of solution 
was poured. Qualitative tests were made at intervals during the 
experiments, I cubic centimeter of solution being withdrawn 
each time; three such portions were taken during the course of 
the experiments. Quantitative analyses were made on the solu- 
tion that remained. The qualitative tests are shown in Table [., 
where a rough estimate of the relative strength of such reactions 
is made. The solutions were tested for tungsten as follows: one 
cubic centimeter of solution was withdrawn with a pipette and 
put into a small test-tube with 1 cubic centimeter of concen- 
trated HCl. A piece of tin was added, and the solution heated 
till hydrogen was being rapidly evolved; the color of the blue 
oxide of tungsten was the indicator. The test is extremely sen- 
sitive; a trial was made with a known solution diluted to contain 
0.00003 gram of Na,WO, per cubic centimeter, and this gave a 
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distinct blue color. The lime in solution from the scheelite was 
tested for by a drop of solution added to a cubic centimeter of a 
mixture of ammonia and ammonium oxalate; the amount of 
white precipitate was the indicator. Iron was tested for by plac- 
ing a drop of solution with a drop of HNO, and adding a drop 
of ammonium sulpho-cyanide. The red color was a sensitive 
indicator. 

These qualitative tests were satisfactory. The quantitative 
analyses for iron, lime, and manganese gave accurate results. 
Before deciding on a method of analysis for tungsten in the solu- 
tions, three methods, such as are described in standard treatises 
on quantitative chemistry, were tried on a weak tungsten solu- 
tion, as follows: 

A. Evaporation to small volume and precipitation by means 
of HCl, filtering, igniting, and weighing the WQOs. 

B. Evaporation to a small volume, and precipitation with 
HgNOs. 

C. Evaporation to a small volume made slightly acid, and the 
tungsten precipitated with the quinine dichloride. 

The results from these three methods checked very closely, so 
the first method was selected as being the simplest. Although 
the trial analyses checked, comparison of the results of the solu- 
tion analyses showed that they were all equally inaccurate, for 
in several cases there was no precipitate in the quantitative test 
when the qualitative test showed tungsten to be present. Mr. A. 
N. Parrett, who made most of the analyses, tried the benzidene 
hydrochloride method with no better success. The methods did 
not measure the minute quantities of tungsten in solution. In 
the table, where the actual quantitative test showed negative with 
regard to tungsten and the qualitative tests showed its presence, 
a “trace”? is recorded. In the quantitative results where less 
than 0.0005 gram was found, a “trace” also is recorded. 

Table I. shows in detail the data obtained. The following 
are summary statements of facts shown in the table. 

1. Carbonate solutions had no apparent effect on any of the 
tungsten minerals. 

2. Alkali hydroxide solutions had no effect on scheelite. but 
dissolved tungsten from the wolframite. 
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TABLE I. 


Data FROM LEACHING OF TUNGSTEN MINERALS. 














Scheelite. 
Solution Used. Qualitative. Quantitative. 

ae Te _—- i Remarks. 

CaO. | WO3. CaO. | WOs. 
ES CES AN a eit OE eke Ree strong] fair .0287) .0044 , WO: powder formed 
CC 6 I a hc Pee DR n.d. | 00 n.d. | .0000 | Negative 
[OS '0) Ae eC 00 | 00  .0000} .0000 - 
UL OP og ia Oe poor | little .o106) trace | Some WO; formed 
CA CCS 5 acer oo | oo .0000 | .0000 | Negative 
COS See ee ee ...; good | good .0257| .o113 | Residue is brown 
Hs CasOg s 22... 828.54 22% n.d. | good n.d. | .0145 | WOs formed 
HsSOu Nass0g: 6) ES ..| fair | trace .0136 | trace | A little WO: is formed 
His, Cay Nas, Obes): 30's... ..| md. | trace n.d. ; trace | Trace of WQOs is formed 
He, Naz, Fe’, SOg...: ......| trace} little trace | trace? 
Ho, Naz, Feo’’’, SOs... ...... trace little 
eG Rt! SS 0 ae strong strong .0262) .0322) Residue is brown 
His) Nas Rin, SOG.) 5S. 38 strong poor .0203/ trace | Residue is pale brown 
He, Fe”, Mn, SO... ..-...... little little | .0037 | trace 
pe Py pla). CO 6 trace | little Residue is pale brown 
fe OO Se Oe eae ee 00 00 .0000 | .0000 , Negative 
AC Oe OA Be ea ee 00 00 n.d. | .0000 | Negative 
CaHsCOs, HaCOs...:........ n.d. 00 .0000 | .0000.| Negative 
He, CaHe, NaH, COs......... n.d. 00 n.d. | .0000 Negative 
1S LO SR eB Ie era aa good | good .0140; n.d. | WOs powder formed 
iPS 6 UA AS Paes Ue re st) Se 00 .0000 | .0000 | Negative 
2 2 CA PS ee aaa ae et | Sel 00 n.d. | .0000 | Negative 
SC SA eS a eS, poor | trace .0046/ trace 
Ee GPA Ie aire ara Panera ae ea | oo 00 .0000 | .0000 | Negative 
BLING cles eras POSS sd | little | poor .035 | .0005| Trace of WO: formed 
5: Be en’ ¢ Da AOS Sok Sea | n.d. | poor n.d. | .0007) Trace of WO: formed 
(SE GR SS Gi Raa ee a n.d. | trace n.d. | trace 
BGS MIG rents. OSE little fair .0033! .0024 | Trace of WO: formed 

Residue is brown 

eg Or bes Oe Ue: Ot rr n.d. | trace n.d. | trace 
HH, 2a, Ma, ar Chess cS r.d. | little , n.d. | trace 


H2SO4:Fe2(SO4)3 = 9:1... 2... 
HC1:Fe2(SO4)3 = 9:1 
Cine oD CANE eee See 
pol ot et RE ae iene * 
PIERS asin k rosie ols they oss 00 00 .0000 | .0000 | Negative 
Na2SO., NaOH | 

fe eRe. Oi 

pbs | DAR case 00 00 .0000 ; .0000 | Negative 
Humic acid, FeSOu, H2SO.. .. 

Humic acid, Fe’’’, He, SOs....| 00 00 | 

Humic acid, MnSQ,4.....: ..| 00 00 .0000 | .0000 | Negative 
Homic acid, NaGl.s3% 05. <.: | 





‘ 


Notes: n.d means “not determined.” Under “Qualitative” relative amounts 
as shown by the strength of qualitative reactions are indicated as follows: 
00, trace, little, poor, fair, good and strong. 

Except H.CO,, CaH.(CO;)., humic acid, and where noted, N/1o solutions 
or mixtures of N/10 solutions were used. Forty c.c. were used in each experi- 
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TABLE I.—Continued. 
































Ferberite. | 
Qualitative. | Quantitative. | | Qualitative. Quantitative. | 
a az ae Remarks. ear pa = —} Remarks. 
FeO. | WO .| FeO. | WOs. | | FeO. | WOs. | FeO. | WOs. | 
trace| 00 | Solution lost strong fair | 0.006 | trace 
00 | 00 | 0.000; 0.00 | Negative | 00 00 |0.000 0.00 | Negative 
00 | 00 | 0.000} 0.00 | Negative | 00 00 |0.000 0.00 | Negative 
n.d. | 00 | n.d. |?trace | n.d. | little | n.d. | trace 
n.d. | 00 | n.d. | 0.00 | Negative | n.d. 00 n.d. 0.00 | Negative 
00 | 00 |0.000' 0.00 | Negative | 00 00 (0.000 0.00 | Negative 
trace 00 | 0.008 0.00 poor , good lost 
trace 00 | 0.009 0.00 little | fair |0.011 ?trace| 0.0290 MnO 
little; 00 | 0.007 0.00 | FeO includes MnO} little | good |0.010 | trace | 0.0007 MnO 
n.d. | 00 | n.d. | 0.00 |; n.d. fair n.d. | trace | 0.0000 MnO 
n.d. | 00 | n.d. | 0.00 n.d. 00 n.d. 0.00 
trace 00 |0.005 0.00 fair fair (0.0011 trace 
poor 00 | 0.011, 0.00 good | strong 0.01II_ trace 
n.d. oo | n.d. | trace n.d. | trace n.d. | trace 
n.d. | 00 n.d. | 0.00 n.d. 00 n.d. 0.00 Negative 
00 | 00 |0.000 0.00 | Negative 00 00 0.000 0.00 | Negative 
00 | 00 |0.000 0.00 ; Negative 00 00 (0.000 0.00 | Negative 
00 | 00 |0.000 0.00 | Negative 00 00 0.000 0.00 | Negative 
00 00 |0.000 0.00 | Negat:ve 00 00 0.000 0.00 | Negative 
trace trace| 0.007 trace | FeO includesMnO poor | little 0.004 | trace | 0.0004 MnO 
00 | 00 |0.000 0.00 | Negative 00 00 (0.000 0.00 | Negative 
00 | 090 (0.000 0.00 | Negative 00 00 (0.000 0.00 | Negative 
n.d. 00 | n.d. | 0.00 n.d. 00 n.d. 0.00 Negative 
00 00 !0.000 0.00 | Negative 00 00 (0.000 0.00 | Negative 
00 | 00 Solution lost trace | fair trace Solution lost 
00 | 00 Solution lost little | trace 0.000 | trace | 0.0000 MnO 
trace 00 (0.006 0.00 |FeO includes MnO trace | poor 0.004 | trace 
poor | 00 |0.005 0.00 good | fair 0.006 | troce 
n.d. 00 | n.d. 0.00 .002 MnO n.d. | trace | n.d. | trace | Trace MnO 
trace, 00 |0.007 0.00 trace poor. trace trace 
n.d. | 00 | n.d. | 0.00 n.d. fair n.d. trace | 0.0000 MnO 
n.d. ; 00 | n.d. | 0.00 n.d. fair n.d. trace 
0.009) 0.00 trace poor 0.007 0.0052 
0.008 0.00 FeO includes MnO) trace | poor | 0.004 | trace 
trace, 00 trace | little trace 0.017 
00 0.000 0.00 | Negative 
00 0.000 0.00 | Negative 
00 =—§=— 00 00 0.000 0.00 | Negative 
n.d. | 09 n.d. 0.000 0.00 | Negative 
n.d. | 00 n.d. 0.000 0.00 | Negative 
| | 00 0.000 0.00 Negative 
00 0.000 0.00 | Negative 


ment. Except H.CO, and where noted the mixtures are made of nearly equal 
amounts. The analyses were made on the solutions after soaking 1 gm. of 
the tungsten mineral in the solution for 100 days. 

Where commas are used in the symbols showing the solution used, the radi- 
cals are combined with the positive ions as normal salts. 
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3. Salts of lime and soda, in the absence of acids, had no ap- 
parent effect. 

4. Sulphuric acid alone, and in combination with sulphates of 
lime, soda, manganese, and ferrous iron, dissolved portions of 
all the minerals. 

5. Hydrochloric acid alone, and in combination with chlorides 
of lime, soda, and manganese had a solvent effect on the minerals. 

6. Manganous salts invariably gave increased solution. 

7. Ferric salts in most cases seemed to inhibit any reaction, 
but in the case of scheelite the reaction is not completely stopped, 
although it is reduced to small proportions. In the case of ferric 
chloride, the acid present did not prevent hydrolysis, so the active 
solution contained no ferric chloride, but was instead faintly acid. 
and so had a solvent action. 

8. Sulphate solutions are more active than chloride solutions. 

9g. Manganous solutions, and possibly ferrous solutions 
brought about an interchange of lime from the scheelite with the 
manganese, and possibly with iron of the solutions. 

10. The more active solutions left an H,\WO, precipitate in 
the test-tubes with scheelite. 

11. Humic acids are inactive. 

12. Except by sodium hydroxide, scheelite is more readily 
attacked than ferberite or wolframite. 

13. Wolframite and ferberite, while giving the same general 
results, are attacked in different degrees by different solutions. 


PRECIPITATING TUNGSTEN FROM SOLUTION. 

These experiments were made to determine what natural 
reagents would precipitate tungsten from solutions such as are 
found in nature. A solution of sodium tungstate was made 
(0.071 normal), and portions of 10 c.c. each were mixed with 
the same quantity of the solutions similar to those used for 
leaching tungsten. The immediate effect was noted, the effect 
shortly after, and also the effect after a considerable time. 

Table II. shows the data obtained. The statements following 
summarize the facts shown in the table. 
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1. Calcium tungstate is precipitated from solutions by lime 
salts when slightly acid, but the precipitation of tungsten is in- 
complete. 

2. Manganous and ferrous tungstates are precipitated by 
manganous and ferrous salts in neutral solution. The precipita- 
tion is complete, or nearly so. 

3. Acids partially precipitate the tungsten as tungstic acid. 

4. Ferric chloride, in slightly acid solution, completely pre- 
cipitates all the tungsten as a hydrous ferric tungstate. 

5. Manganous tungstate is precipitated by manganous salt in 
slightly acid solution; the reaction is incomplete. 

6. Ferrous tungstate is not precipitated in acid solution, but 
is precipitated in slightly alkaline solution; the reaction is nearly 
complete. 

INTERPRETATION OF DATA. 


Carbonate solutions, as shown above, do not attack tungsten 
minerals; any enrichment of tungsten deposits by carbonate solu- 
tions is brought about only by the removal of valueless material. 

The sulphides usually present in ore deposits are the sources 
of sulphuric acid.* As shown above, a leaching of tungsten de- 
posits by such solutions might be expected, although the tung- 
sten, if much is present, is partially precipitated by acid. This 
occurs only when the concentration of the tungstate ion in solu- 
tion is sufficiently high. As shown by the first line of Table L.. 
H.SO, on scheelite will dissolve some tungsten, and leave some 
as tungstic acid. The same probably occurs with wolframite to 
a smaller extent. This would indicate that sulphuric acid solu- 
tions acting on a tungsten deposit remove some tungsten and de- 
compose some to tungstite. The result in terms of enrichment is 
variable, depending on the ratio of loss of other constituents to 
the loss of tungsten. The alterations mentioned may be ob- 
served in the outcrops of nearly any tungsten vein. 

Ferric salts, which frequently are present in ground waters, 
would prevent, or at least slow down such alteration. Moreover, 
if any tungsten did dissolve, it would probably precipitate to 


3 Emmons, W. H., “ The Enrichment of Ore Deposits,” U. S. Geol. Survey 
3ull. 625, pp. 83-154, 1917. 
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form a hydrous ferric tungstate, known mineralogically as fer- 
ritungstite.* 

The same statements made for sulphuric acid and ferric sul- 
phate hold for hydrochloric acid and ferric chloride. The chlo- 
rides would generally be less abundant in deposits. 

Ferrous and manganous tungstates (ferberite, hibnerite) are 
precipitated more readily and more completely than calcium 
tungstate (scheelite). One would suppose that in superficial 
alteration scheelite would be the least common secondary min- 
eral, although it is not unknown as such.® Scheelite forms on 
wolframite in ores of the Black Hills, S. D.6. Manganous tung- 
state (hiibnerite), being more readily and completely precipitated 
than ferrous tungstate (ferberite), should be more common as a 
secondary mineral than ferberite. Because ferrous and man- 
ganous tungstates are more readily precipitated than calcium 
tungstate, wolframite is more often pseudomorphous after 
scheelite than the contrary. The color changes noted in scheelite 
which is being leached indicate this principle, as do also numerous 
illustrations from the field.* 

Several sets of conditions indicating secondary enrichment of 
tungsten may be named. The most probable of these may be 
illustrated by a pyritiferous tungsten deposit. EEmmons*® has 

+ Hess, F. L., “ Tungsten Minerals and Deposits,” U. S. Geol. Survey Bull. 
652, Pp. 34, 1917. 

Schaller, W. L., “ Mineralogical Notes,” Series 2: U. S. Geol. Survey Bull. 
500, pp. 83-84, 1912. 

5 Hess, F. L., “ Tungsten Minerals and Deposits,” U. S. Geol. Survey Bull. 
652, p. 30, 1917. Dana, J. D., “A System of Mineralogy,” John Wiley & 
Sons, 1911, pp. 985, 988. 

6 Sharwood, W. J., oral communication. 

7 Hobbs, W. H., “ The Old Tungsten Mine at Trumbull, Conn.,” U. S. Geol. 
Survey Twenty-Second Ann. Rept., Pt. 2, pp. 19-20, 1901. 

Hess, F. L., “ Tungsten Minerals and Deposits,” U. S. Geol. Survey Bull. 
652, p. 19 and pl. 16d, 1917. 

Emmons, W. H., “ Enrichment of Ore Deposits,” U. S. Geol. Survey Bull. 
625, Pp. 430-431, 1917. 

Dana, J. D., “A System of Mineralogy,’ John Wiley & Sons, Ig11, pp. 
085, 988. 

8’ Emmons, W. H., “ Exploration of Metalliferous Deposits,” Min. and Sci. 
Press, vol. 114, No. 22, pp. 436-440, 1917; “ Principles of Economic Geology,” 
McGraw-Hill Book Company, p. 525, 1918. 
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shown how the ground waters in a pyritiferous ore body are acid, 
and contain ferric salts at the surface, that deeper the ferric iron 
is reduced to ferrous, and deeper yet the acid is neutralized and 
the waters become alkaline. At the outcrop, ferric salts would 
be present, and little or no tungsten dissolved. At a slight depth 
the ferric salts would be reduced and the ground water still 
would be acid. At greater depths, the ground waters become 
alkaline, when the ferrous sulphate will precipitate tungsten. 

The evidence of experiments, on the whole, is that tungsten 
minerals are somewhat soluble. The field evidence seems to 
point to the same conclusion. It has been argued from the ex- 
istence of placer tungsten at Tavoy, Burma, that the minerals of 
tungsten are resistant to weathering.® Others have contended 
that the resistance of tungsten minerals to weathering is less 
than supposed,’ and that in some gravel deposits of tungsten 
the tungsten does not occur in true placers, but in residual and 
detrital deposits, the tungsten being all dissolved before the min- 
eral is carried far enough to form the true placers which its asso- 
ciate, cassiterite, forms. 

After tungsten is dissolved, it is very easily precipitated by 
ferric salts; but this precipitate is colloidal, difficult to filter. If 
such a precipitate should form, it might be carried long distances 
and be widely distributed through the rock without being lodged 
in a definite deposit, and the deposit thus impoverished in 
tungsten. 

The wide difference between the solubility of wolframite and 
that of ferberite calls for special comment. The difference is 
not due to a mineralogic distinction, for that is an arbitrary, not 
a natural distinction. The manganese compound is more soluble 
than the iron compound. Field data show that two deposits 
having apparently the same tungsten mineral are widely different 

9 Rastall, R. H., “Genesis of Tungsten Ores,” Geol. Magazine, Decade 6, 
vol. 5, August, 1918. 

10 Brown, J. Coggin, “Solubility of Tungsten Minerals,” Min. and Sci. 
Press, vol. 115, No. 9, 1917, pp. 302-303. Jones, Wm. R., “ Tungsten in Man- 
ganese Ore, Eng. and Min. Jour., vol. 106, No. 18, 1918, p. 779. Min. and Sci. 


Press, vol. 114, No. 19, 1917, p. 664. Mining Magasine, vol. 18, No. 6, 1918. 


p. 278. 
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in their resistance to weathering. This remains as yet an un- 
solved problem. Hess"! has suggested that this difference is due 
to minute quantities of tantalic and columbic oxides, or other 
impurities often present in tungsten minerals. 

If secondary enrichment does occur, it is difficult to interpret 
in the field; the secondary minerals are the same as the primary 
minerals; tungsten deposits, moreover, are erratic, and any gen- 
eral change in values with depth is, therefore, difficult to interpret. 


SUMMARY. 

In some deposits, associated minerals other than those con- 
taining tungsten dissolve more readily than tungsten minerals 
and there is an enrichment near the surface by removal of value- 
less material. Tungsten minerals, nevertheless, dissolve rather 
readily, and form soluble salts or colloidal compounds that may 
remove the tungsten from the outcrop. The tungsten may be 
leached from its ore bodies without being redeposited below. 
The facility with which tungsten compounds in solution will 
hydroiyze and form insoluble compounds, tends to prevent down- 
ward migration of tungsten, and there are probably no extensive 
zones of tungsten minerals like those of copper and silver, al- 
though enrichment by solution and reprecipitation probably does 
occur to a small extent. Ferric sulphate, which increases the 
solution of copper and silver, slows down or stops the solution 
and migration of tungsten. In general, secondary tungsten ores 
are hubnerite or wolframite, rather than scheelite, although sec- 
ondary scheelite is not unknown. 
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11 Hess, F. L., oral communication. 


EDITORIAL’ 


ECONOMIC GEOLOGY AS A PROFESSION. 


Economic geology is not, strictly speaking, a new profession, 
for in all civilized countries geologists have been more or less 
consulted in questions of development and appraising of mineral 
wealth. In times gone by they were, however, consulted mainly 
on theoretical questions and the idea of their taking active part 
in practical work no doubt seemed absurd to many. This posi- 
tion was not altogether unreasonable, for the geologists of that 
time were in the main little versed in practical questions and 
their judgment along these lines may not always have been of 
the highest order. They were often, as they are more frequently 
now, in demand as experts in trials regarding mining property. 
Surely there is nothing wrong in this, but there is, of course. 
always the danger of a geologist turning into a lawyer and de- 
fending by the lawyer's method, a position which he might well! 
feel to be scientifically untenable. Many have believed that the 
ideal standpoint of a geologist in such a case should rather be 
that of an expert adviser appointed by the court than as a parti 
san of any particular view. Geologists have, however, always 
the remedy for this kind of a situation by not accepting a case 
until they are convinced of its justice and scientific soundness. 
The history of mining contests in this country shows clearly that 
many have not had the courage to apply this test. 

Mining engineers have in the past done most of the work of 
economic geology, that is, the work of following development 
day by day, and the geologist during hasty visits would, of 
course, have to rely on his host for most of his data. Now any- 

1 The signed editorials which it is designed to publish from time to time in 


these columns are expressions of individual views and do not necessarily rep- 
resent the concensus of opinion of the editorial board. 


79 








80 EDITORIAL. 


one who knows the extent of geology given to mining engineers 
in our best institutions must realize that it is far from sufficient 
for a professional geologist. Sometimes the geology is of an 
ancient vintage; more often the opportunity for laboratory and 
field work has been sadly lacking; but above all the multitude 
of subjects which crowd the curriculum render it impossible to 
do justice to all. We all know how often metallurgical engineers 
are called upon to examine mines and prospects. And yet the 
men of this profession receive much less geological instruction 
than the mining engineers. 

All this brings us to the realization of the importance of eco- 
nomic geology as a profession. There is no necessity of argu- 
ing the point at this date. Have we not all seen enough exam- 
ples to convince us? Development work undertaken in hopeless 
directions—failure to acquire adjacent territory, when a little 
sound geological knowledge would have indicated the safe lines 
to follow—failure to know the structure and composition of the 
material dealt with. 





These statements are not to be misunderstood as underesti- 
mating the services of the mining engineers. I have seen too 
many of them whose knowledge of their particular field far out- 
ranges that of the average geologist, and let me add I have seen 
many grizzled prospectors to whom I take off my hat as geolo- 
gists in their particular lines. What is often lacking in their 
case is the broader knowledge which is not nonplussed when 
brought up against different conditions and the ability to think 
geologically in three dimensions. Of course the latter ability 
can not always be acquired. We have all met some persons who 
should have been born in two dimensional space. 

On the other hand let me not leave the impression that the 
economic geologists are very superior and infallible persons. I 
have made too many mistakes to harbor that view and must find 
consolation in the comforting saying that he who has made no 
mistakes does not amount to anything. 

The change that has come upon us in mining during the last 
thirty years is truly refreshing. The value of a sound education 
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is understood and graduates of technical schools are now as 
common in mining regions as they were rare some years ago, 
when the responsibilities of running the mine were divided be- 
tween a manager of the purely “ business” type and a “ captain” 
of the purely “ practical” type. 

With all these widening opportunities it has often seemed to 
me as if the rising generation were not fully alive to the possi- 
bilities of the profession of the economic geologist. Compara- 
tively few of the students understand the great future in this 
branch while they flock to the overcrowded courses of civil and 
electrical and mechanical engineering. As a consequence of this 
a considerable part of the economic geologists come from the 
academic courses of the universities rather than from the great 
technical schools. This constitutes a handicap, for it should be 
sharply emphasized that the economic geologist should be, in 





fact must be, an engineer—a civil engineer, a mining engineer 
or a chemical engineer. His task consists in interpreting nature 
for the works of civilization and he must be conversant with the 
practical methods of harnessing the forces of nature. It goes 
without saying that he must know his fundamental sciences, 
mathematics, chemistry (not overlooking organic chemistry) 


and physics. As preparations for his geology he must have a 





sound grounding in mineralogy and petrography—and just here 
is where many fall down. Geology is another knotty problem. 
A year’s course of three hours per week in dynamic and strati- 
graphic geology does not produce a geologist, but that is usually 
all that is provided aside from some field trips and now the stu- 
dent is prepared to take up the special subjects of economic 
geology in which he probably plunges with great enthusiasm, 
meanwhile forgetting what little general geology he knew. The 
next year he will be deep into the microstructure of clays or the 
intergrowth of supergene sulphides or theories of the origin of 
oil. 

Let me repeat the dull statement that geology is necessary for 
an economic geologist, and that this early specialization is one 
of the most dangerous things in education. It is realized, of 
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course, that a practical knowledge of geology can not be fully 
imparted in the technical schools but that it requires a few years 
of service in the non-spectacular role of the areal geologist. This 
is painful to many but I know few eminent geologists, economic 
or otherwise, who have not travelled along this tedious path. 

The requirements rudely outlined above are not easy, and it 
is, in fact, impossible to produce a finished geologist in four 
years from high school. Post-graduate courses for at least one 
year are absolutely necessary, but may be preceded by a year or 
two in practical work. 

The widest scope for the services of the economic geologist is 
naturally in the field of mine development. “He is becoming 
more and more necessary to the every-day business of develop- 
ing mining property. . . . There seems, therefore, no question 
as to the place in the economy of mining which the geologist 
has earned for himself. He is no longer a luxury, he is a neces- 
sity, no longer a theorist but practical, no longer a scientist teach- 
ing a dry subject but one who deals with the realities of ore 
occurrence to add to the wealth of the world.” 

Another important phase of the economic geologist’s work 
lies in the study of the occurrence and winning of oil and gas. 
Of late there has been a great demand for men capable of this 
kind of geological engineering. I add the last word advisedly 
because such a man must understand the chemistry and mechan- 
ics of oil production. We may call him an oil geologist, or better 
a petroleum engineer. The search for oil is likely to continue all 
over the world for many years to come, and it will absorb many 
of our students. The greatest danger in the training of such a 
geological engineer is to encourage him in specializing early and 
to confine him to a narrow field. There is no reason why he 
should not, in addition to his specialty, acquire a broad training 
in geology. Many of our oil geologists are wandering in the 
wilderness when they are led away from their familiar haunts 
of sedimentary rocks. 

That the civil engineer as well as his confrére in mining needs 


2 Ben. B. Lawrence, Econ. Geot., Vol. 11, 1916, p. 186. 
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a modicum of geology is indicated by the now general addition 
of a course in geology to his technical subjects. In some schools 
training is also given in the practical application of geology to 
engineering. For many purposes this instruction may suffice but 
extensive undertakings require a geologist of wider knowledge 


makes it his specialty to examine into questions of foundations 
for buildings and dams, to investigate projects of water supply. 
be it by wells or aqueducts, to consider the geological aspects of 
big undertakings like canals, tunnels and railroads. There are 
many well-known examples of this application of the geologist’s 
knowledge. I may call attention to the role the geologist has 
played in the construction of the Alpine railroad tunnels, in the 
driving of some tunnels for irrigating purposes, in the great pro- 
ject of the New York aqueduct, in the Panama Canal and many 
other cases. Sometimes the geologist has made mistakes, but 
more often trouble has been invited by leaving him out. There 
is undoubtedly room for many more bright spirits in this branch 
of the profession, and I have often been surprised at the total 
lack of appreciation of this opening among those who enter insti- 
tutions of learning. 

Hydrology, or the study of the distribution and discharge of 
underground waters, is a branch of geological engineering in 
which a great amount of highly practical work has been done 
and which offers opportunities of employment for many men. 

Another field for the economic geologist which is little appre- 
ciated is that of agricultural and soil geologist. It is true that 
his functions mainly are with our public surveys and bureaus 
but I believe there is room for many in this section which our 
own Bureau of Soils and Agricultural stations have practically 
created. 

It remains to consider the economic geologist in relation to 
teaching and to Federal and State Surveys, both avenues requir- 
ing a broad training and wide knowledge 





-both also compara- 
tively poorly remunerated. In spite of this, many seek these 


fields. The demand for good instruction in economic geology 
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is considerable and it is sometimes difficult to supply the right 
kind of men. I am sure, however, that it is most unwise to 
begin teaching immediately after the close of the academic 
studies. A teacher without practical experience in his branch 
is worth but little. 

The potent influence which the public geological surveys have 
had on the development of economic geology we all know. The 
young man enters in quite a subordinate position and advances 
slowly, but he is acquiring valuable knowledge every day and 
many are those who have found these institutions a most valu- 
able stepping stone to important positions. Some, of different 
temperament, have greatly appreciated the opportunity offered 
for research and study. 

The demand for exact information has led to the odd combi- 
nation of the profession of geologist and statistician. It has 
been realized that statistics are simply a measure of resources, 
and that a statistician without sound professional knowledge is 
simply a calculating machine. It is the duty of the geologist- 
statistician to become intimately acquainted with all deposits of 
a substance with which he is dealing and to evaluate not only 
the present output but the potentialities of this material. Viewed 
in this light, the geologist-statistician is a most important and 
valuable member of the profession, to whom engineers and states- 
men will turn for their needed data. The recent work of the 
Federal Geological Survey shows the vast importance of this 
study, but care must be taken not to spoil a good geologist by 
overloading him with routine work which could well be carried 
on by assistants. I believe the current events have so deeply un- 
derscored the value of the geologist in this direction, that hence- 
forth it will be easier to obtain the needed moneys for this work. 

The great war which rudely pulled us out of our comfort- 
able and isolated position is also responsible for a new type of 
our profession, which we may call the international geologist- 
statistician. No longer can we confine our investigations to this 
country, vast though it be. We must study the mineral resources 
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of the world, their geographical, geological and statistical as- 
pects. Here too a splendid beginning has been made by the 
Federal Survey, though naturally this has still further en- 
croached upon the time which could be given by the geologists 
to our own purely geological problems. The international geolo- 
gist must possess a few additional accomplishments. He must 
know something, if that be possible, about political economy and 
internationa! trade. He must also know languages, and just here 
I would strongly insist on this point. We are probably more 
deficient in this respect than the scientific men of any other na- 
tion, excepting the [nglish. I would have this international 
geologist know French, German, Italian, Spanish and Russian. 
It would be a good thing for him to pick up a little Arabic. Any- 
one who refuses to study a foreign language because he is afflicted 
by race animosity or international hatred is, of course, simply lack- 
ing in intelligence. It may be well to know what our friends are 
doing, but we must know what our enemies are accomplishing. 

Having surveyed the field of economic geology we may finally 
consider the matter of supply and demand in this profession. It 
is not to be denied that the field is smaller than in some of the 
other engineering professions. That it is now overcrowded I 
refuse to believe. Those who now enter with well-defined plans, 
with intelligence and energy will succeed beyond any doubt. No- 
body should be advised to enter the profession who does not feel 
a love for geological science, for geological work. Unless the 
economic geologist is prepared to keep pace with the progress of 
science, unless he is willing to be a student during his whole life 
he will not succeed. Lagging behind in science means intellectual 
decay. 

In many cases it may be difficult for young economic geolo- 
gists to get a start, but here his broad engineering training would 
help him out; if necessary he can turn to surveying, assaying 
or teaching to gain a foothold. 

Many years ago in Butte I found myself in a deplorably pre- 
carious financial position. I recall an interview with Daly, then 


a power in copper mining. He gave me the advice that there 
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was always room at the top. However, the top, though prob- 
ably roomy, seemed hopelessly distant, and instead of advising 
Daly on mining geology I pocketed my pride and thankfully 
obtained from him a position involving measuring cord wood 
and making drawings of reverberatory furnaces. 

With work expanding in every direction it does not seem 
probable that there will easily be an over-production of economic 
geologists. Just now there is a temporary period of hesitation, 
of retrenchment. But our resources are so great that even if 
we were confined to our own country in our former position of 
insularity there would be work for all whose love of geology 
would turn them to the profession of economic geology. 

Our present position is quite different. We have become a 
creditor nation. Our money has gone abroad to many countries. 
As so well has been pointed out by George E. Roberts in a recent 
address, these debts can not be repaid in money. but they must 
be discharged by development of the natural resources and in- 
dustries of those foreign countries and their dependencies. With 
one stroke this tremendously widens the outlook for our engi- 
neers and economic geologists. In the coming years, as never 
before, the economic geologists are to be internationalized. They 
will find employment in all parts of the world in new projects, 
in new undertakings financed with the interest on the moneys 
we have lent abroad. Viewed in this light the future of those 
who take up the study of applied geology, combined with engi- 


neering, looks brilliant indeed. 


WALDEMAR LINDGREN. 


DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


AMERICAN PETROLEUM GEOLOGISTS IN EUROPE. 


Sir: The admirable initiative of American geologists in bring- 
ing about the drilling operations in search for petroleum which 
have just been started in the United Kingdom and the high tribute 
to their professional skill recently paid by Lord Cowdray, head 
of the British firm of S. Pearson and Son, Ltd., Petroleum De- 
velopment Managers for the Mineral Oil Production Department 
of the Ministry of Munitions of the British Government, are 
matters in which all American geologists, and particularly petro- 
leum geologists, must feel a just pride. 

I quote from the speech of Lord Cowdray during the inaugura- 
tion ceremony at the first well near Chesterfield, England, as re- 
ported in the Petroleum Review of London for October 19, 1918. 


“The one thing which had convinced him that there was oil in some 
quantities, large or small, in the areas that were being covered was 
the extent of the geological work carried out. The modern method 
of working in geology was not to take the geology of an acre or of a 
square mile, but to take that of hundreds of thousands of acres. Failure 
in the past in proving oil had been due to the fact that the outlook of 
the geologist had been too restricted. In recent years, during which a 
large amount of work had been done over enormous territory, the 
lesson had been learned to make broad investigation. That was why 
the American geologist of the present day in that special line of locating 
oil was so far in front of any other. It was only right and fitting that 
recognition should be made there that day of the splendid work done by 

87 











88 DISCUSSION. 


his own geological staff—Dr. Veatch, Mr. Ickes and Mr. Crandall; in- 
deed, the idea that petroleum existed in the United Kingdom in com- 
mercial quantities originated in Dr. Veatch, who had a world-wide repu- 
tation in his profession, and who was formerly associated with the 
United States Geological Survey. Mr. Ickes had given the past four 
years to the study of the problem, and Mr. Crandall, coming in some- 
what later than his colleagues, had afforded invaluable expert coopera- 
tion in investigations which made such call for talent and scientific grasp. 
Linked with them was Mr. J. E. Hackford, a young English chemist of 
exceptional oil knowledge. His thanks were also particularly due to 
the United States Bureau of Mines for the assistance they had given 
in lending to them Mr. Conaghan as superintendent, and Mr. Lavelle as 
assistant superintendent, so that the work of drilling should be started 
with the benefit of the best expert knowledge and skill available.” 

E. D. Goyer. 































REVIEWS 


Mineralogy, Blowpipe Analysis and Crystallography. By G. MontTAGUE 

Butter. Published by John Wiley and Sons, 1918. 

This handbook in mineralogy includes two small volumes that have 
been previously published in separate form, and a third which appears 
here for the first time. The first section of the present book is the 
familiar Pocket Handbook of Minerals published originally in 1908. It 
is practically a note-book in which the salient features of the minerals 
discussed are presented in a very brief and convenient form. The dis- 
advantages of this portion of the book are largely those inherent to 
brevity of treatment. Its value would have been increased had the 
author used more crystal figures and drawn them larger and more 
clearly than he has done. On the whole this portion of the book is ex- 
cellent for the purpose for which it was written, as proven by its con- 
tinued popularity. 

The second section of the volume was originally published in 1910 as 
the Pocket Handbook of Blowpipe Analysis, and gives in brief form the 
description of the various blowpipe reactions for the chief elements com- 
monly found in minerals. For field use this short summary of the sub- 
ject would be excellent; but for study of the chemical properties of min- 
erals, so brief a statement would be of little value. 

The last section of the book, and the section not previously published, 
is entitled A Manual of Geometrical Crystallography. Its purpose was 
solely to give the student sufficient knowledge of crystals and their sym- 
metry to enable him to classify them correctly. The underlying idea has 
been to make the subject as simple as pcssible and to omit all matter not 
germane to the immediate purpose of the book. It is felt that the author 
has not been wholly successful in this purpose. Frequently it is diffi- 
cult to easily follow his explanations. The text could have been improved 
had more and better figures been included. A good crystal figure will 
often save a paragraph of explanation, and in the end, give a much 
clearer idea of the matter under discussion. The figures that are pre- 
sented are too small. Instead of being redrawn for this book they have 
obviously been reproduced with reduction in size from older figures. 
In too many cases sufficient care has not been taken in the proper align- 
ment of the figures on the page. For example, on page 20 there are 
seven figures of isometric forms of which only one, that of the cube, 
has the correct alignment; the others are all inclined either to the right 
or the left. This, however, is a matter that could easily be corrected in 
future editions. " ‘W. E. Foro. 
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E. K. Soper, formerly dean of the Oregon School of Mines, 
has resigned his position at that institution, and will go to the 
West Indies on geologic work. 


C. M. Bauer, formerly with the U. S. Geological Survey, and 
Mr. R. W. Clark, formerly of the Geological Department of the 
University of Michigan, have opened a consulting office at 
Okmulgee, Oklahoma, and will carry on a general geological 
practice. 

Proressor C. K. LErru sailed for France on January I to act 
as mineral adviser for the U. S. Peace Commission. The party 
included Chairman B. M. Baruch, of the War Industries Board, 
Chairman Vance McCormick, of the War Trade Board, and 
Walter Tower, of the Shipping Board. For the past year Pro- 
fessor Leith has been in charge of the joint mineral work of 
these boards, with special reference to regulation of imports and 
exports. 


WALDEMAR LINDGREN has recently been in New York and 
New Haven. 

H. A. DeWitt has left the Chiksan Mining Co., of Korea, to 
go with the Colorado Mining Co., of Arroyo, Masbate, P. I., as 
mining engineer. 

Wuttis LAWRENCE has accepted the position of manager of 
the Estaca mines of the Mexican Candelaris Co., S. A. (care 
Esobosa, Burns y Cia., San Ignacio, Sinaloa, Mexico). 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 


or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 


go 
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T. PooLteE Maynarp, of Atlanta, Ga., has become southern 
representative of the Research Corporation of New York. 


Davip Morean, formerly superintendent of the United Verde 
Extension Mining Co., has been made manager with the Verde 
Combination Copper Co., at Jerome, Ariz. 


Joun W. Movute has left the Great Cobar Co., to become 
assistant manager for the Burma Corporation Limited, Namtu, 
Burma. 


ARTHUR L. SWEETSER has accepted a position on the editorial 
staff of the Engineering and Mining Journal, 1oth Ave. & 36th 
St., New York City. 

Epwarp W. Berry, professor of paleontology, and Joseph T. 
Singewald, Jr., professor of economic geology, at the Johns 
Hopkins University, will leave in April to spend six or seven 
months in geological explorations in the Andes of Peru, Bolivia 
and Chile, under the George Huntington Williams Memoriai 
fund provided by Mrs. George Huntington Williams in memory 
of her husband, who formerly was head of the department of 
geology at Johns Hopkins. 

Dr. W. G. MILLER has returned from London. 


Perry C. THomas has accepted a position as general man- 
ager with the East Gulf Coal Co., East Gulf, Raleigh Co., 
West Va. 

FrepD J. Pope, of New York, is in Nevada. 


Rosert T. Hix has opened an office at Dallas, Texas, in addi- 
tion to the one at Los Angeles. 


GILMOUR E, Brown is consulting engineer for the Mentoukou 
Coal Mining Co., near Peking, China. 


MAXWELL W. ATWATER has become general manager for the 
Davis-Daly Copper Co., at Butte, Montana. 


Joun W. SHERMAN, recently manager of mines at Tonopah, 
has become manager for the Trona Corporation at Searles Lake, 
California. 
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J. C. Hass was elected chairman of the Columbia section, 
A. I. M. E., at the annual session held at Spokane last week. 
William J. Hall, of Idaho, was elected vice-chairman, and L. K. 
Armstrong was reelected secretary-treasurer. 


J. R. Fray was recently at Tucson, Arizona. 

Joun HorrMan has returned to Oakland from Siberia. 

C. C. Gordon arrived in New York from Lima, Peru. 

FRANK L. Core, of Shanghai, recently arrived in New York. 

A. W. STICKNEY is making an economic examination of the 
island of Cyprus for a British syndicate. 

3LAMEY STEVENS will soon return to Nogales from Los 
Angeles. 


A. H. Brown has resigned from the management of the Hud- 
son Bay Mines, at Cobalt, and the Dome Lake M..& M. Co., at 
South Porcupine, to take up other work. 


E. B. THornuHILL has left the General Engineering Co. to 
become research engineer with the Chino Copper Co. 


H. Harpy Smiru has arrived in London from Korea. 


ARTHUR J. HoskIN has returned to Denver from Montant, 
where he completed the erection of an oil shale plant. 


NorMAN CARMICHAEL, manager for the Arizona Copper Co.. 
at Clifton, has been elected governor of the Arizona Chapter of 
the American Mining Congress. 


Louis D. Ricketts addressed a local section of the A. I. 
M. E., giving a description of the operations at the Inspiration 
and New Cornelia mines. 


E. GysBon Spitspury has been appointed to represent the 
American Institute of Mining Engineers at the Engineering Con- 
gress in Paris. The delegation, which is composed of members 
of the four national engineering societies, sailed on December 5, 
and expects to be absent about six weeks. 


\W. D. B. Morrter, Jr., has resigned as manager for the Ben- 
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son Mines Co., to join the staff, as assistant consulting mining 
engineer, of Guggenheim Brothers, with headquarters at 120 
Broadway, New York. 


M. H. McLean has resigned from his position as general man- 
ager of the Detroit copper mines of the Phelps Dodge Corpora- 
tion. He will reside in California. J. P. Hodgson, who has 
been at Bisbee, Ariz., will succeed him. 


Joun C. GREENWAY, who went to France from Arizona, has 
been promoted from major to colonel, and also has been awarded 
the Croix de Guerre for valor in action. 


RossirER W. Raymonp died December 31, at his home in 
Brooklyn, N. Y., at the age of seventy-eight. 

THE CALIFORNIA CHAPTER, American Mining Congress, met 
January 15 and 16 at San Francisco. 


MicuaEL H. Loveman, formerly chief geologist, Burma 
Mines, Ltd., has opened an office at 32 Broadway, New York 
City, for the practice of mining geology. 


THE staFF of The American Mineralogist has been reor- 
ganized, due to the retirement of Mr. Wallace Goold Levison. 
Dr. Edgar T. Wherry, Bureau of Chemistry, Washington, D. C., 
will be editor-in-chief, with the following associate editors: 
George F. Kunz, president, New York Mineralogical Club; Her- 
bert P. Whitlock, American Museum of Natural History; Alex- 
ander H. Phillips, Princeton University; Waldemar T. Schaller, 
U. S. Geological Survey; Edward H. Kraus, University of 
Michigan; Austin F. Rogers, Leland Stanford Junior Univer- 
sity; Thomas L. Walker, University of Toronto, Canada, and 
Samuel G. Gordon, Academy of Natural Sciences, Philadelphia. 


MINERALS and metals import restrictions have all been re- 
moved by the War Trade Board with the exception of iron ore, 
copper ore and concentrates, chrome ore, graphite, emery, ferro- 
manganese and spiegeleisen, pyrite and monasite sand. Surveys 
are being made with a view to further relaxation as soon as 
possible. 
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Tue Thirty-first Annual Meeting of the Geological Society 
of America was held in Baltimore, December 27-30. Special 
attention was given to the following subjects: (1) Military 
mapping and physiography, (2) engineering geology in relation 
to war operation, (3) mineral resources and the war, etc., (4) 
geological instruction in relation to the war. Among the papers 
submitted pertaining to economic geology were the following: 
“Oil Geology in Relation to Valuations,” by Ralph Arnold; 
“World View of Mineral Wealth,” by Joseph B. Umpleby; 
“Tnternationalization of Mineral Resources,” by C. K. Leith; 
“ Political and Commercial Control of the World’s Mineral Re- 
sources,” by Josiah E. Spurr; “Imperial Mineral Resources 
Bureau, London, England,” by Willet G. Miller; “The Eco- 
nomic Limits to Domestic Independence in Minerals,” by George 
Otis Smith; “Rock Products and the War,” by G. F. Loughlin; 
“Some Problems of International Readjustment of Mineral 
Supplies as Indicated in Recent Foreign Literature,’ by Elea- 
nora I. Bliss; ‘‘ Magnetic Iron Ore Deposits of Clinton County, 
New York,” by William J. Miller; “The Cartersville Potash 
Slates,” by T. P. Maynard; “The Sand Chrome Deposits of 
Maryland,” by Joseph T. Singewald, Jr.; “The Anticlinal The- 
ory as Applied to some Quicksilver Deposits,” by J. A. Udden; 
“Crystalline Graphite Deposits of Alabama,” by William F. 
Prouty ; “ Conditions of Deposition of Some Tertiary Petrolifer- 
ous Sediments,” by A. W. Graham; “ Contribution to the Origin 
of Dolomite,’ by W. A. Tarr; “ Manganese Ore as a War Min- 
eral,” by D. F. Hewett; “ The Magnesite Industry and Phosphate 
Rock as an Economic Army,” by R. W. Stone; “ High Grade 
Clays of the United States,” by Heinrich Ries; “ Stratigraphic 
Relationships of Bedded Phosphate Deposits of Europe, North 
Africa, and North America,” by A. W. Grabau. In addition, 
many other papers were presented, dealing with other phases of 
geology. The meeting was not as largely attended as usual, 
many of the members being absent or detained by war duties. 
Josiah E. Spurr was unable to read his paper on account of 
illness. 





